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FOREWORD 


The  Operations  Research  Center  at  the  Massachusetts  Institute  of 
of  Technology  is  an  interdepartmental  activity  devoted  to  graduate  educa- 
tion and  research  in  the  field  of  operations  research.  The  work  of  the 
Center  is  supported,  in  part,  by  government  contracts  and  industrial 
grants -in-aid.  The  work  reported  herein  was  supported  (in  part)  by  the 
Office  of  Naval  Research  under  Contract  N00014-75-C-0556.  Additional 
support  was  provided  by  the  Defense  Advanced  Research  Project  Agency 
under  Contract  N00014-75-C-0661. 


ABSTRACT 


Inventory  management  techniques  have  gained  in  importance  in  the 
past  few  years  because  of  the  cash  crunch  being  faced  by  most  companies, 
Material  Requirements  Planning  (MRP)  is  gaining  rapidly  in  popularity , 
specially  after  the  APICS  (American  Production  and  Inventory  Control 
Society)  MRP  Crusade.  The  technique  is  being  presented  as  if  it  were 
the  cure  for  all  ills.  The  purpose  of  this  report  is  to  identify  a 
number  of  issues  that  are  relevant  to  MRP  and,  wherever  possible,  to 
propose  an  approach.  Another  purpose  is  to  study  how  firms  tackle 
these  issues  and  to  present  real-life  implementation  characteristics. 
With  this  in  mind,  seven  firms  were  interviewed  personally.  The 
study  concludes  that  the  issues  are  largely  unresolved  in  industry 
and  whatever  benefits  are  accruing  are  mostly  due  only  to  better 
timing  information  generated  by  the  explosion  process  rather  than 
any  other  formal  procedures.  It  follows  that  further  benefits  are 
achievable  if  the  issues  are  tackled  in  a scientific  manner. 
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CHAPTER  1 


KHAT  IS  MRP? 


The  following  discussion  assumes  reader  familiarity 
with  MRP.  A gooa  description  of  MRP  can  be  found  in  the  book 
by  0rlicky<45>.  A glossary  of  terms  can  be  found  in  COPICS 
(Communications  Orianted  Production  Information  and  Control 
System)  publication  by  IdM<13>* 


MRP  has  been  defined  in  the  following  terms*  "A 
Material  Requirements  Planning  ( MRP)  system,  narrowl y 
defined,  consists  of  a set  of  logically  related  procedures* 
decision  rules  ano  records  v a I ternat ivel y.  records  may  be 
viewed  as  inputs  to  the  system)  designed  to  translate  a 
Master  Production  Scnedule  into  time-phased  net  requirements 
and  the  planned  coverage  of  such  r equl rements.  for  each 
component  Inventory  item  needed  to  implement  this  schedule.” 
(Or  I icky«45>) • 


MRP  is  basical  ly  an  information  system.  Looking  at  it 
from  another  point  of  view,  it  is  a simulation  technique  by 
which  we  can  simulate  shop  floor  activity  given  a master 
production  schedule.  The  logic  and  mathematics  of  MRP  is 
essentially  very  simple  - given  the  gross  requirements  for 


an  item  we  net  it  out  against  the  on-hand  quantity  to  arrive 


— 


— 
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at 

the  net 

requirements  for  the 

item. 

which 

is 

then 

offset 

by 

the  lead 

time  for 

the  item 

t 0 

gene  ra 

te 

the 

timing 

information 

of  when 

manufacture 

o f 

t his 

it 

em  should  be 

startea  and  hence  when  its  lower  level  Item  should  be 
available.  When  this  is  done  through  the  entire  product 
structure  and  for  the  entire  master  schedule  we  have  a 
simulation  of  what  tne  activities  of  each  work  centre  should 
be  at  what  time  and  when  purchased  items  should  be  oraered 
and  in  what  quantities.  A single  level  computation  can  be 
schematically  laid  out  as  in  Figure  1.  Lot  for  lot 
lot-sizing  has  been  assumed. 

A few  points  that  need  to  be  noted  a ref 


1.  The  explosion  of  the  product  structure  described  above 
is  properly  applicable  to  dependent  demand  items.  The 
demand  for  an  item  is  said  to  be  independent  if  its 


demand  is 

not  a 

function 

o f 

the  d 

em 

and 

f or 

another 

item.  The 

demand 

for  an  item 

1 s 

said 

to 

be 

deoenden  t 

when  its  demand  is 

a function 

o f 

the  d 

em 

and 

for 

another 

inventory 

item. 

The  process 

has 

to 

St 

art  with  a s 

chedul e that 

speci f ie 

how 

much 

we 

wi  1 

1 

manu  facture 

in  each  peri 

od,  for  th 

end 

item. 

This 

do 

cument  is 

the  Master 

Product  lo 

Schedu I e 
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3.  To  properly  carry  out  the  explosion  process  we  have  to 


Know  the  stages  the  items  go  through.  We  also  have  to 


Know  information  such  as  - tor  each  unit  of  item  A we 


need  two  units  of  item  0 and  if  taKes  one  period  to 


build  it.  Sucn  information  is  maintained  in  the 


'Product  Structure*  or  ’Bill  of  Materials*. 


To  determine  the  net  requirements  for  an  item  we  need  to 


Know  the  on-hana  quantity  and  scheduled  receipts  tor 


that  item.  This  information  is  maintained  in  the  ’Parts 


Master*  or  ‘Inventory  Records*. 


5.  Once  a ’Planned  Order  Release*  is  released  it  becomes  an 


’open  order*  ana  gets  recorded  in  the  ’Scheduled 


Receipts’  row. 


6.  An  inventory  item  can  be  a component  of  a number  of  w 


ena-produc ts»  in  which  case  the  requirements  for  the 


item  are  derived  from  the  master  schedules  of  all  the 


end-products  of  which  it  is  a component. 


/,  Using  lot-sizing  procedures.  a number  of  net 


requirements  may  be  combined  into  a single  order  in 


order  to  minimize  inventory  costs.  Thus  net 


requirements  are  an  input  into  the  decision  maKing 


process . 


9.  An  item  may  be  a component  at  different  levels  in  th^ 


structure  of  different  or  even  the  same  item.  To  get 


around  the  problem  this  creates  for  efficient  lotsizing 


ana  explosion*  a technique  Known  as  low-level  coding  Is 
used  whereby  the  lowest  level  at  whicn  an  item  occurs 


in  the 

sfruc  ture 

of 

any  end 

item 

is  identified. 

The 

item  is 

proce  ssed 

only 

when 

that 

lowest  level 

is 

reached 

in  the 

level  by 

level 

orocessing. 

(See 

0rlicky<45>  page  63  for  a oetailed  explanation.) 

A schematic  representation  of  an  MRP  system  is  given  in 
Figure  2. 

MRP  in  Perspective 

A large  number  of  functions  have  to  be  performed  to 
support  production  related  manufacturing  application.  The 
application  areas  that  have  been  identified  by  COPICS  are 
shown  in  Figure  3 which  is  a reproduction  of  Figure  2 from 
COPICS*  Management  Over vi ew<l3> . (COPICS  i»  a set  of  eight 
manuals  "that  outline  the  concepts  of  an  integrated 
computer-based  manufacturing  control  system.")  Of  the  12 
areas  identified*  Inventory  Management  happens  to  be  one  of 
them.  It  is  in  this  area  that  MRP  is  applicable.  Hence*  MRP 
is  only  applicable  in  one  of  the  twelve  areas  related  to 
proouction  - it  is  not  a panacea  for  all  production 
problems.  Any  claim  that  the  Inventory  Management  subsystem 
is  the  most  important  subsystem  is  akin  to  saying  that  one 
particular  transistor  is  the  most  important  in  an  amplifier 
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circuits  The  Inventory  Management  subsystem  is  as  imoortent 
as  the  other  subsystems  and  the  performance  of  any  one 
subsystem  depends  on  how  well  every  other  subsystem  has 
performed*  These  dependencies  have  been  shown  in  Figure  4 
which  is  a reproduction  of  Figure  23  In  COPICS*  Management 
0verview<i3> • (The  starreo  boxes  are  part  of  MRP.) 

Another  thing  that  should  be  pointed  out  is  that  MRP  is 
an  old  concept  that  has  been  made  possible  by  the  computer 
and  popular  by  APICS  (American  Production  and  Inventory 
Control  Society).  Only  it  was  not  called  MRP  then.  Romeyn 
Everaell  and  Arnold  Putnam  in  an  article  in  Production  and 
Inventory  Management<55>  mention  an  MRP  like  Implementation 
some  20  years  ago.  As  MRP  becomes  more  popular  older 
implementations  may  be  revealed. 

MRP  is  not  a perfect  technique.  A number  of  issues 
still  need  to  be  looked  into.  Some  of  these  are! 

1.  Where*  why  and  how  oo  we  keep  safety  stock? 

2.  How  do  we  set  and  control  lead  times? 

3.  Is  there  a need  to  freeze  the  master  production  schedule 

over  the  cumulative  production  lead  time ? 

4.  How  co  we  master  schedule? 

5.  Oo  we  control  every  item  by  MRP? 

6.  Where*  how  and  why  do  we  lot-size? 
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CHAPTER  2 

THE  MASTER  PRODUCTION  SCHEDULE 


Master  production  scheduling  is  the  process  of  arriving 
at  a roaster  production  schedule.  A master  production 
schedule  is  a document  that  answers  the  following  Questions 
about  the  end  Items!  What  proaucts  should  be  produced?  In 
what  quantities  should  they  be  produced?  When  should  they  be 
produced? 

Master  production  scheduling  is  an  important  function 
regardless  of  whether  we  use  MRP  or  not.  It  is  a 
co-orainat ing  function  between  manufacturing,  marketing  and 
finance  - ana  sometimes  engineering.  Master  scheduling  is  a 
decision  making  process  that  is  both  a threat  and  an 
opportunity. 

URL.  and  Master  Scheduling 

The  inventory  management  system  has  to  operate  within 
the  constraints  imposed  by  the  master  production  schedule. 
In  relation  to  MRP,  master  scheduling  becomes  very  important 
because  it  is  the  prime  and  driving  Input  into  the  MRF 
system.  An  MRP  system  is  an  infinite  loading  system.  As 
ftomeyn  Everdell  put  it  "An  MRP  systen  can  explode  anything  - 


L 


A 
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and  too  frequently  It  does!". 

MRP  literature  and  Master  Scheduling 

It  is  an  interesting  observation  that  until  recently 
master  scheduling  was  not  recognised  in  its  importance  to 
MRP  ano  was  considered  to  be  something  external.  Somehow*  it 
was  assumeo  to  be  present.  Amongst  the  first  people  to  point 
out  the  importance  of  master  scheduling  in  MRP  was  Romeyn 
Everdell<22>  in  1972.  Recently*  this  Importance  has  become 
■ore  and  more  recognised.  Wight*  in  his  booK<69>  says  "The 
master  schedule  is  to  an  MRP  system  as  a computer  program  is 
to  a computer".  He  also  says  "The  design  and  management  of 
the  master  schedule  are  recognised  today  as  keys  to  the 
success  - or  failure  - of  an  MRP-based  system". 

Despite  this  recognition*  however*  literature  on  MRP 
and  master  scheduling  as  singularly  lacking.  Numerous 
articles  were  published  on  MRP  in  Production  and  Inventory 
Management  during  the  APICS  MRP  Crusade  - out  not  a single 
one  of  them  was  on  the  topic  of  master  scheduling  to  the 
best  of  my  knowledge. 

Existing  literavure  does  little  more  than  point  out 
that  the  master  schedule  has  to  be  feasible.  Wight<69>  says 
“The  master  schedule  cannot  be  overstated  or  priorities  will 
become  invalia".  No  formal  procedures  are  provided  to  help 


Me  present  a technique  to  manage  tne  master  schedule  to 
a feasible  schedule* 

Suppose  a firm  olans  to  produce  certain  quantities  of 
certain  proauc ts  at  different  times*  In  terms  of  production 
capacity,  what  impact  aoes  the  plan  have?  The  problem  is 
best  viewed  in  terms  of  a three  dimensional  matrix  as  in 
Figure  5* 

For  each  product  the  firm  makes,  it  maintains  routing 
information.  Thus,  for  product  P7,  the  routing  file  tells 
us  that  the  processing  takes  place  in  work  centres 
Ml,H3,H4,WS  and  H6.  The  routing  file  also  contains  the 
sequence  of  operations  and  leaa  time  information  such  as 
setup  time  and  standard  work-centre  requirements  (in  terms 
of  man-hours,  dollars  or  some  other  unit).  We  thus  know  that 
in  order  to  produce  X17  units  of  prodect  Pi  in  time  T7,  we 
need  Li7i  units  of  capacity  at  work  centra  W6  in  time  Tl» 
L172  units  of  capacity  at  work  centre  W4  in  time  T2  etc.  The 
aatrix  can  be  completed  in  this  fashion  for  every  product 


tiae  combination  (such  as  X17)  planned 


RH 

HHt 


Me  can  now  take  cross  sections  along  the  different  axes 
to  come  up  with  useful  information.  First*  let  us  consider  a 
horizontal  cross  section  l.e.  consider  all  the  information 
for  a given  work  centre,  say  Hi.  If  we  sum  the  capacity 
requirements  of  ail  the  products  by  each  time  unit,  we  get  a 
load  profile  for  the  work  centre.  This  may  look  as  in  Figure 
6.  When  we  superimpose  on  the  plot  the  planned  capacity*  we 
can  see  at  a glance  that  the  work  centre  will  be  overloaded 
at  times  and  underloaded  at  other  times. 

Next  consi jer  a vertical  cross  section  parallel  to  the 
oroduct-work  centre  plane.  This  gives  us  information  about 
the  capacity  requirements  in  a given  time  unit  at  the 

different  work  centres  generated  by  all  the  planned 
products.  A typical  plot  is  shown  in  Figure  7. 

Lastly*  consider  a cross  section  parallel  to  the 

time-work  centre  plane.  This  gives  us  the  load  profile  at 
different  work  centres  generated  by  a product.  A typical 
Plot  may  look  as  in  Figure  8. 

All  of  these  plots  provide  useful  information  and  will 
help  us  keep  our  master  schedule  feasible.  In  order  to 
achieve  this,  the  following  steps  need  to  be  carried  out  - 
(1>  Aggregate  the  products  into  product  groups.  AM  the 

products  in  a group  have  similar  routings.  At  an 


aggregate  level  He  will  schedule  for  the  product 
groups.  Thus  all  diffusion  pumps  would  be  In  one 
product  group*  all  mechanical  pumps  could  be  in  another 
etc.  This  has  to  be  done  very  infrequently. 

(2)  For  each  group*  define  a 'unit*  which  provides  a 
meaningful  load  and  in  whose  multiples  we  will  be 
dealing  to  arrive  at  initial  guidelines.  Thus*  for 
diffusion  pumps  the  'unit*  might  be  5 pumps.  For  a 
small  electronic  instrument  the  'unit*  might  be  in 
ICG's  because  5 instruments  do  not  provide  a meaningful 
load  and  we  schedule  only  in  multiples  of  hundreds. 


(3>  For  the  ‘unit*  of  each  product  group*  generate  a load 
profile  at  different  work  centres  created  by  the 
*uniT*.  This  load  profile  is  similar  to  the  one  shown 
in  Figure  8. 


l*»)  Based  on  sales  forecasts  and  strategy*  arrive  at  the 
ratios  in  units  at  which  you  would  like  to  produce. 
Such  a ratio  might  be  2H  for  diffusion  pumps  to 
mechanical  pumps.  Thus  for  each  'unit'  of  a mechanical 
pump  we  would  like  to  produce  2 'units*  of  diffusion 
pumps.  Based  on  probability  estimates*  we  may  arrive  at 
2 or  3 such  sets  of  ratios* 
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(5)  For  each  set  of  ratios  and  using  the  load  profiles*  it 
is  easy  to  arrive  at  absolute  numbers  of  maximum  units 
for  each  product  group  that  we  can  make  in  any  one 
period* 

0 

All  the  steps  outlined  so  far  are  performed  very 
infrequently*  The  next  few  steps  are  much  more  frequent. 


(6)  When  arriving  at  a master  schedule*  the  first  step  is  to 

arrive  at  aggregate  numbers  by  groups.  (This  procedure 
being  described  is  only  one  to  help  Keep  the  master 
schedule  feasible  in  an  easy  and  systematic  way  - it  is 
not  a master  production  scheduling  technique*) • These 
aggregate  numbers  must  lie  within  the  upper  bounds 
computed  in  step  5. 

(7)  Items  within  a product  group  can  be  in  any  ratio  so  long 

as  their  sura  does  not  exceed  the  group  total. 

(8)  Once  a detailed  schedule  is  arrived  at  within 

constraints  6 and  7*  it  is  exploded  using  MRP.  This 
process  generates  for  us  detailed  load  profiles  at 
every  work  centre* 

(9)  Compare  these  detailed  profiles  to  actual  capacity*  It 

may  be  possible  to  absorb  smell  excesses  and 


Imbalances.  This  is  a decision  production  people  have 


26 


i 


t 

e 
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to  make  on  reviewing  the  loads* 

(10)  Significant  Imbalances  that  cannot  be  absorbed  have  to 

t 

be  reconciled  by  cycling  back  and  changing  the  master 
scheaule*  Once  again  we  are  helped  in  this  by  the  load 
profiles  of  step  3* 

Should  significant  Imbalances  occur  regularly  it 
means  that  (a)  product  groupings  oe  re-examined  and  (b) 
the  load  profiles  be  re-examined  for  accuracy* 

A schematic  diagram  of  the  more  frequently  performed 
steps  (step  6 onwards)  is  given  in  Figure  9. 

Modelling  Approaches  to  Master  Scheduling 

There  are  a number  of  modelling  approaches  to  master 
scheduling  availaole  in  literature*  In  the  following  pages 
we  present  some  of  these  models  and  comment  on  their 
relevance  in  the  context  of  MRP. 

(a)  Linear  Programming  models 

These  are  linear  and  quaoratlc  cost  models  which  can  be 
subdivided  into  fixea  and  variable  work  force  models* 
Classical  models  are  the  ones  proposed  by  Bowman<i0>* 
Hanssmann  and  Hess<28>  and  Holt*  Modigliani*  Muth  and 


A 


$i*on<3u> 


These  models  are  easy  to  solve  using  linear 


Figure  9 Feasibility  manaronent  flowchart 
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programmlng  techniques*  However  these  models 

- ignore  setups 

- ignore  details  such  as  work  centre  capacities 

- ignore  lot-sizing  at  intermediate  levels 

- ignore  multi-stage  considerations 

- require  aggregation  of  end  items  into  product  groups 

- this  means  that  we  have  to  disaggregate  to  arrive  at 
a detailed  schedule 


(b)  Lot-Size  models 


These  models  fake  info  consideration  the  setup  costs 
Involved.  Because  of  this  and  lot  size  indivisibility  these 
models  become 

- large  scale 

- integer 

- nonlinear 


These  models  are  multiproduct  models  but  are  also 
single-stage  and  so  intermediate  stages  are  not  considered* 


Manne<37>  reformulated  the  capacitated  non-linear 
lot-size  model  as  a linear  program.  The  resultant  model  was 
computationally  infeasible  due  to  the  large  number  of 
equations*  Methods  to  overcome  these  difficulties  were 
proposed  by  Ozielinski  and  Gomory<i9>  and  Lasdon  and 
for|ung<3<»>* 


MM 
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There  Is  a set  of  models  for  multi-stage  problems  that 
allow  tor  an  Item  to  have  multiple  predecessors  (a 
predecessor  Is  an  Item  that  goes  Into  another  Item)  but  only 
a single  successor  (a  successor  Is  an  Item  Into  which 
another  Item  goes)*  Also*  all  these  models  are  uncaoacltated 
in  that  work  centre  capacities  are  not  considered  In 
arriving  at  the  optimal  lot  sizes*  These  models  also  deal 
Mith  only  a single  final  product* 

Schussel<57>  has  developed  a simulation  model  and 
heuristic  decision  rule  while  Crowston*  Wagner  and 
Ml  1 1 iams<iA>  have  developed  a dynamic  programming  algorithm. 
Both  these  assume  that  tne  lot-size  at  a stage  is  an  integer 
multiple  of  the  lot-size  at  the  succeeding  stage  in  an 
optimal  solution*  Crowston*  Wagner  and  Mi  I I iams<14>  prove 
that  under  certain  assumptions  of  constant  continuous  final 
product  demand*  instantaneous  production*  infinite  planning 
horizon  and  time  invariant  lot  sizes  the  'integer  multiple* 
assumption  is  correct* 

In  another  paper  Crowston*  Wagner  and  Henshaw<i5> 
Showed  that  heuristic  routines  do  as  well  as  the  dynamic 
programming  model  with  less  computation  time* 

Lanzenhauer  has  developed  a couple  of  models  for  the 
general  case  of  multiple  products  with  multiple  predecessors 
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and  successors.  One  of  these<26>  is  a mathematical 
programming  model  ana  the  other<Z7>  is  a bivalent  linear 
programming  moae I . Unf ortunate I y»  these  models  are  as  yet 
in  f easib I e . 


( c ) Hierarchical  models 


These  models  attempt  to  provide  an  integrated  approach 
to  level  by  level  decision  making  with  a view  to  avoid 
suboptimisation.  Using  this  technique,  decisions  made  at 
higher  levels  proviaa  constraints  to  lower  level  decision 
making.  At  each  step  a different  mathematical  model  is  used. 


hoaels  have  been  suggesteo  by  Hax  and  Meal<29>»  Bitran 
and  Hax<9>  and  Armstrong  and  Hax<3>.  The  approach  used  is  to 
divide  items  into  three  levels  - Items  (the  final  product) » 
Families  (groups  of  Items  that  share  a common  setup  cost) 
and  Types  (groups  of  Families  with  similar  costs  per  unit  of 
proauction  time  and  similar  seasonal  demand  patterns). 
Aggregate  production  planning  is  done  by  Types  and  the 
results  are  then  disaggregated. 


However,  these  models  are  also  single-stage  models  and 
hence  not  directly  applicable  in  the  MRP  context. 


I 
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FROZEN  PRODUCTION  SCHEOULE 


Consider  the  requirements  plan  shown  in  Figure  10. 

The  product  has  a cumulative  lead  time  of  7 periods* 
Consider  now  that  everything  is  proceeding  according  to  plan 
until  period  5*  In  period  5 we  wish  to  revise  the  master 

production  schedule  for  net  requirements  in  period  9 based 

I 

upon  recent  information*  Can  wa  do  this?  Consider  the 
problems  we  have  to  face  in  order  to  be  able  to  do  this. 


1.  Based  on  the  forecast  requirements  in  period  9 we  have 
already  started  the  assemDly  process  for  the  lower 
level  items  in  order  to  be  able  to  satisfy  the  period  9 
requirements*  Tnus  item  C has  already  been  made  and 
item  0 is  in  the  process  of  being  assembled  in  a 
planned  quantity  to  a planned  schedule*  If  we  now 
oecide  we  want  to  Increase  the  master  schedule  then  an 
additional  quantity  of  item  8 has  to  be  made  available 
somehow  by  period  6 when  the  assembly  of  item  A begins* 
An  additional  quantity  of  B can  be  made  available  only 


if  more  C is  producec  because  item  C goes  info  the 
production  of  item  3*  However*  we  have  only  one  period 


J 
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Figure  10  Time-phased  requirements  plan 
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2.  If  m«  Mant  to  reduce  the  master  schedule  then  Me  have 

the  problem  of  already  having  produced  Item  C in 
quantities  greater  than  actually  needed.  Me  Mill  thus 
have  excess  of  lower  level  Items.  Also*  we  will  have 
unutilized  capacity  unless  we  can  find  some  other  lfem 
tor  production  - and  this  is  unlikely  since  by  Its  very 
nature  MRP  makes  Items  available  only  according  to  plan 
- or  we  are  lot-sizing  and  producing  not  only  for  today 
but  for  future  needs  as  well. 

3.  An  Increase  in  master  schedule  will  tend  to  upset  the 

shop  load  balance  which  was  achieved  using  the  original 
master  schedule. 

All  these  factors  lead  us  to  the  conclusion  that  the 
.■aster  production  schedule  has  to  be  frozen  over  the 
cumulative  lead  time  when  using  MRP.  There  is  a certain 
■mount  of  flexibility*  however*  and  it  is  provided  by  the 
following  factors. 

1.  If  a number  of  the  lowest  level  items  are  items  of 

common  usage  then  tne  length  of  the  frozen  horizon  can 
be  reduced  by  the  cumulative  lead  time  of  these  common 
usage  lowest  teval  items.  This  is  because  we  assume 
that  increases  and  decreases  in  the  master  schedule  are 
equiprobable  and  will  tend  to  cancel  out. 

2.  The  aggregate  total  of  production  quantity  is  more 


one  time  period 
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critic  a I than  the  quantity  ot  any 
alone*  Thus*  if  two  adjacent  period  net  requirements  at 
the  master  scheJule  level  were  lOO  each  then  it  is 
easier  to  cope  with  changes  that  maKe  the  master 
schedule  no  and  9q  or.  90  and  110  rather  than  liO  and 
100.  This  is  easy  to  follow  if  we  Imagine  the  addition 
of  a net  requirement  of  ci  in  period  10  in  Figure  10. 

If  now  in  period  5 we  want  to  change  the  master 

schedule  to  25  in  period  9 and  15  in  period  10  then  how 
do  we  meet  the  increased  requirement  of  period  9?  What 
makes  this  problem  less  alfficult  is  the  fact  that  we 
will  have  the  required  number  of  item  C because  item  C 
has  been  completed  in  a lot  of  20  for  period  10*s 
demand!  Hence  the  problem  is  less  severe. 

3.  As  discussed  in  the  chapters  on  safety  stock  and  lead 
time*  we  can  engage  in  expediting  activity  if  capacity 

is  available.  Hence*  at  work  centres  not  being  run  to 

capacity,  we  can  still  tolerate  changes. 

Again  as  discussed  in  the  chapter  on  safety  stock*  we 
can  provide  for  changes  in  the  master  production 
schedule  within  the  cumulative  lead  time  to  the  extent 
that  we  maintain  safety  stocks  to  tackle  such 
uncer t ainty • 

HRP  is  hence  most  useful  when  the  master  schedule  can 
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be  frozen  over  the  cumulative  proauction  lead  time*  There 

l 

is  a little  flexibility  available  but  that  is  mostly  due  to 
capacity* 

Otherwise  MRP  can  be  viewea  as  an  information  system  or 
a simulation  technique  that  can  warn  us  in  advance  of  what 
the  liKely  effects  of  changes  are.  It  can  give  us  useful 
information  such  as  "you  can  do  this  provided  you  are 
willing  to  delay  requirement  X or  requirement  Y". 

Many  firms  do  have  some  of  these  flexibilities  and 
change  the  master  schedule  within  the  cumulative  lead  time. 
It  is  Important  that  such  firms  Know  where  their  strengths 
lie  in  order  to  allow  such  changes.  Equally*  it  is  also 
important  for  firms  that  do  not  have  these  flexibilities  to 
be  aware  of  the  need  for  a frozen  schedule* 


CHAPTER  4 


SAFETY  STOCK 


Safety  stock  Is  needed  to  safeguard  against 
uncertainty.  Uncertainty  may  be  of  many  types. 

(1)  Uncertainty  in  demand  of  the  end  product 

(Z>  Uncertainty  in  demand  of  intermediate  items 

(a)  if  they  are  service  items 

(b)  if  we  allow  the  master  production  schedule  to 
be  changed  within  the  cumulative  lead  time 

(3)  Uncertainty  in  lead  time 

(41  Uncertainty  in  supply  causeo  by  variability  in  yield  due 
to  scrap  and  productivity. 

These  uncertainties  will  be  present  regardless  of  the 
inventory  management  system  in  use.  Let  us  examine  the 
uncertainties  in  greater  depth. 

(II  Uncertainty  in  demand  of  the  end  product 

If  the  firm  makes  to  order  or  makes  only  to  backlog 


then  there  is  no  uncartainty  in  the  demand  for  the  end 
product.  However*  most  firnrs  do  not  have  these  luxuries  and 


they  make  to  forecast.  Hence  uncertainty  is  present  because 
the  actual  demand  may  be  different  from  the  forecast  demand. 
In  the  context  of  MRP,  how  is  this  ta«en  care  of? 

The  only  way  this  can  be  taken  care  of  is  by 
maintaining  safety  stock  for  the  end  products.  This  is  true 
regardless  of  whether  we  use  MRP  or  reorder  point.  This 
safety  stock  is  based  on  estimated  forecast  errors*  lead 
time  ana  service  level. 

One  technique  for  maintaining  this  safety  stock  is  the 
time  phased  order  point.  Let  us  see  what  this  technique  is 
and  how  it  works. 

Consider  an  end  item  (level  0 item)  X.  Item  X has  the 
following  characteristics. 

Cumulative  lead  time  - 3 

Safety  stock  = lOG 

Consider  the  Figure  11*  It  shows  the  master  production 
schedule  and  the  on  hand  quantities.  We  have  also  shown  the 
master  proauction  schedule  to  be  frozen  over  the  cumulative 
lead  time.  However,  whether  we  freeze  the  taster  production 
schedule  or  not  will  only  affect  the  quantity  of  safety 
stock  we  want  to  maintain,  the  rest  of  f ha  technique  is 
basically  unchanged. 
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Figure  11  A frozen  production  schedule. 
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If  everything  goes  as  planned  and  our  actual  sales  are 
matched  by  the  quantities  proouced,  we  are  in  good  shape* 
However*  suppose  the  oemand  in  period  i actually  turned  out 
to  be  35  units  as  compared  to  the  forecast  demand  of  23 
units.  The  additional  15  units  are  made  available  from  out 
of  the  safety  stoch  which  will  hence  fall  to  85  units*  Our 
safety  stock  has  oeen  computed  based  on  variability  over  the 
lead  time  of  3 periods*  Hence  we  expect  to  match 
variability  over  the  3 periods  out  of  safety  stock.  Beyond 
that*  however*  we  snould  be  back  at  the  level  of  100  units* 
Hence*  the  affect  of  the  additional  demand  is  shown  in 
Figure  12* 


Note  that  the  master  production  schedule  has  been 
increased  in  the  first  period  outside  the  frozen  horizon* 


Normally  the  master  production  schedule  does  not  vary 
as  forecast  demand  does*  Instead,  the  on  hand  inventory  is 
the  shock  absorber  and  the  master  production  schedule  is 
maoe  smooth.  In  such  cases*  the  only  difference  is  that  the 
on  hand  quantities  will  jsually  be  larger  than  the  safety 
stock*  However*  as  soon  as  the  on  hand  inventory  falls  below 
the  safety  stock*  the  master  procuction  schedule  is  updated 
beyond  the  frozen  horizon  so  that  the  safety  stock  be 
brought  back  to  normal  at  the  end  of  the  frozen  horizon  - 


and  the  safety  stock  has  oeen  calculated  to  take  care  of 


fluctuations  within  the  frozen  horizon  anyway*  (The 
technique  is  the  same  for  those  who  believe  they  have  to 
freeze  the  master  production  schedule  over  the  cumulative 
lead  time  and  those  who  believe  it  does  not  have  to  be 
frozen  for  such  a length  of  time.  Everyone  agrees  it  has  to 
be  frozen  over  some  length  of  time  - hence  the  use  of  the 
term  frozen  horizon.). 

Earlier  we  mentioned  that  if  you  believe  that  you  do 
not  have  to  freeze  tne  master  production  schedule  over  the 
cumulative  lead  time  then  you  could  do  with  a smaller  safety 
stock.  The  belief  that  you  do  not  have  to  freeze  the  master 
production  schedule  over  the  entire  cumulative  lead,  time 
springs  from  the  belief  that  you  can  rush  through  an  order 
in  less  time  than  the  cumulative  lead  time.  Even  if  this 
were  true*  however*  it  is  not  recommended  that  safety  stock 
be  reduced.  After  a I 1^  safety  stock  is  there  for  production 
convenience  and  it  does  not  make  much  sense  to  rush  through 
an  order  Just  to  bring  the  on-hano  inventory  back  to  a 
certain  level.  Hence*  regardless  of  whether  the  master 
production  schedule  is  frozen  or  not  over  the  cumulative 
lead  time*  safety  stock  should  be  calculated  as  if  it  were 
frozen.  Also*  safety  stock  should  be  replenished  in  the 
normal  course  of  action  by  increasing  the  master  schedule 
beyono  the  cumulative  lead  time  - a rush  order  should  not  be 


<♦2 


placea*  otherwise  the  whole  purpose  of  the  safety  stock  |s 
defeated* 

Calculating  the  Safety  Stock 

MRP  poses  no  special  problems  that  might  need  new 
techniques  for  calculating  the  safety  stock  for  the  end 
item.  Conventional  techniques  are  applicable  here  too.  Thus* 
depending  on  the  service  level  desired  one  might  calculate 
safety  stock  as 

Safety  Stock  = factor  ♦ MAO 
•factor*  depends  on  the  service  level 

MAO  = Mean  Aosolute  Oeviation  of  the  forecast  error 
over  the  cumulative  lead  time* 

(21  Uncertainty  in  demand  of  intermediate  items 

(a)  Service  items 

Oeroand  for  items  that  are  also  service  items  is  made  up 
of  two  components* 

(1)  Dependent  demand  arising  oue  to  demand  for  higher  level 
items*  This  is  tackled  as  all  other  dependent 
demand  is  ay  MRP. 

(2*  Independent  demand  due  to  service  requirement^*  This 

I 

should  be  tackled  Just  like  the  independent  demand 


-43- 


end  items  are*  as  explained  above.  Hence*  for 
these  intermediate  items  we  maintain  a safety 
stock.  This  safety  stock  is  calculated  based  on 
the  cumulative  lead  time,  exactly  as  for  the  end 
products. 

The  independent  demand  is  added  to  the  gross 
requirements  generated  as  dependent  demand  and  the  sum 
is  netted  against  on  hana  inventory. 

(b)  Changes  in  the  Master  Production  Schedule  within  the 
cumulative  lead  time. 

Inasmuch  as  the  master  schedule  is  frozen  over  the 
production  lead  time  and  the  item  has  no  service 
requir ements*  the  demand  for  all  Intermediate  level  items  is 
determined  with  certainty.  However,  if  we  allow  changes  in 
the  master  schedule  within  the  cumulative  lead  time  then  the 
demand  becomes  uncertain  - depending  on  whether  there  is  a 
change  or  not. 

If  the  change  is  a reouction  then  we  do  not  need  any 
stock  to  meet  it  - in  fact  we  create  stock.  If  the  change  is 
an  increase  in  the  quantity  desired  then  depending  on  the 
timing  re  I ationships  one  of  two  things  might  happen. 

(ll  the  item  may  have  already  been  produced  or  is  In  the 
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process  of  oeing  produced  to  the  previously  determined 
demand.  In  this  case  the  desired  increase  has  to 
somehow  be  made  available.  This  can  be  achieved  in  one 


of  two  ways. 


(1)  rush  through  an  order  - expedite  It. 

possible  if  capacity  is  available, 
discussed  in  Chapter  3* 


This  may  be 
This  point  Is 


(iil  maintaim  a safety  stock  to  cover  such  Increases  in 
demand . 


(21  the  full  lead  time  is  still  available  to  produce  the 
item  but  the  quantity  to  be  produced  has  gone  up.  Once 
again  if  capacity  is  available  then  the  extra  quantity 
can  be  produced  and  the  lead  time  maintained.  If 
capacity  is  not  available  then  safety  stock  will  be 
needea. 

Me  therefore  see  that  the  issue  whether  safety  stocks 
are  needed  at  intermadiate  levels  or  not  due  to  the  type  of 
uncertainty  being  discussed  depends  upon  the  capacity 
limitations. 

If  we  stick  to  the  scheme  of  time  phased  order  point 
and  safety  stock  for  the  end  items,  however,  then  the  issue 
discussed  above  does  not  arise.  Any  changes  in  quantity  are 


taken  care  of  by  the  end  item  safety  stock.  Safety  stock  at 
the  end  Item  level  ones  its  very  existence  to  the  presence 
of  such  variability! 


(3)  Uncertainty  in  lead  t iwe 

Lead  time  uncertainty  may  exist  at  two  places. 

(a)  purchased  items 

(b)  manufactured  (assembled)  intermediate  items 
(a)  Purchased  items 

Here  we  are  dealing  with  an  Interface  between  MRP 
and  the  outside  world.  There  is  no  guarantee  that 
venaors  will  supply  items  based  on  an  exact  lead 
time.  Experience  shows  that  this  lead  time  varies. 
At  the  plant  level*  we  must  develop  a technique  to 
counteract  this  variability.  Two  possibilities 
exist • 

(il  Fixed  Quantity 

Using  this  technique*  we  keep  a fixed 
quantity  of  purchased  item  on  hand  as  safety 
stock.  Thus*  if  the  purchased  item  is  late  in 
arriving  wa  issue  parts  from  the  safety  stock. 

Demand  for  low  level  items  is*  however* 
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lumpy.  Lot  sizing  makes  this  demand  even  lumpier. 
For  purchased  parts  the  demand  might  be  lumpy  or 
not  depending  in  the  number  of  end  items  it  goes 
into.  If  the  part  or  material  is  common  to  a 
number  of  ena  items  its  demand  may  tend  to  smooth 
out.  However v if  demand  is  lumpy  then  the 
question  that  arises  is  hot*  large  should  the  fixed 
quantity  safety  stock  be? 

One  answer  is  that  the  fixed  quantity  should 
equal  the  largest  expected  one  period  demand  after 
lot  sizing.  This  will  result  in  a lot  of  safety 
stock  in  terms  of  item-periods.  If  orders  come  in 
on  time  tnen  we  carry  the  fixed  qjantity  forever. 
If  orders  are  late  then  part  of  the  fixed  quantity 
is  carried  because  the  fixed  quantity  is  based  on 
the  expected  maximum.  Hence  in  this  technique  the 
safety  stock  is  not  related  to  the  order  quantity. 

(ill  Safety  time 

Using  this  technique  we  place  the  order  for 
the  purchased  parts  one  safety  t»«e  unit  ahead  of 
what  is  indicated  by  our  requirements  based  on  a 
given  lead  time.  Thus  we  plan  to  have  the  parts  on 
hand  one  safety  time  unit  before  we  really  need 
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then*  In  this  Hay  He  cover  ourselves  for  adverse 
variability  in  leaa  time  of  upto  one  safety  time 
unit . 

Here  the  safety  factor  is  related  to  the 
order  quantity  in  the  sense  that  we  are  expecting 
the  order  quantity. 


Just 

as 

He 

used  the  concept 

of  MAO  in 

computing 

the 

safety  stock  at 

the 

end  product 

level*  one 

can 

use 

it  to  ca  Icul  ate 

the 

safety  time 

for  purchased  parts*  He  can  compute  the  MAO  about 
the  expected  lead  time  over  a number  of 
observations  and  use  a safety  tine  of  (factor*MAD) 
nhere  ‘factor*  depends  upon  the  service  level  we 
nish  to  achieve. 


Also*  the 

lead  time  shout 

order  to  arrive 

at  a 

better  expe 

This  can  be 

done 

by  means  of 

tracking  signal 

as 

suggested  by 

smoothed  error 

z 

is  an  estlma 

algebraic  arror 

and 

is  computed  a 

z( t)=h*a(t> ♦ 

(i-h) 

♦z(t-i)  Hhe 

constant 


d be  monitored  in 
cted  lead  time* 
a smoothed-error 
BroHn<ll>.  The 
te  of  the  average 
s 

re  h=smoothing 


e(t):xlt)*xllt),  xf  t)  = actual  lead  time 
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xl (t> = forecast  (planned)  lead  time 

The  mean  absolute  deviation  MAO(t)  is  also 
smoothed  as 

MAO(t)=h«le( t)l+(l-h)*MAC(t-l) 

Then  if  the  ratio  of  Izl/MAO  gets  large  it  is  an 
indication  that  the  lead  time  estimate  needs  to  be 
revised. 

Clay  Whybark  and  Greg  Wllllams<65>  conducted 
a simulation  to  test  the  hypothesis  that  there 
would  be  a 'preference'  for  either  safety  lead 
time  or  safety  stock  under  fojr  categories  of 
uncertainty  - demand  uncertainty  and  supply 
uncertainty  each  further  divided  into  quantity 
uncertainty  and  timing  uncertainty.  In  their 
conclusions  they  say 

"Undar  conditions  of  uncertainty  in  timing* 
safety  lead  time  is  the  preferred  technique 
while  safety  stock  is  preferred  under 
conditions  of  quantity  uncertainty.  These 
conclusions  are  not  dependent  on  the  source  of 
the  uncertainty  (demand  or  supply)*  lot  sizing 
technique*  lead  time*  average  demand  level* 
uncertainty  level  or  coefficient  of  variation. 


These 


experiments  indicate  that 


as  the 


coefficient  of  variation  and  uncertainty  levels 
increase  the  Importance  of  making  the  correct 
choice  between  safety  stock  and  safety  lead 
time  increases.” 

Other  techniques  for  lead  time  analysis  are 
presented  by  Colller<l2>. 

ftssemoled  intermediate  items 

In  a Job  shop*  the  lead  time  at  3ny  work 
centre  is  a function  of  the  total  load  on  the  work 
centre  ana  its  production  rate.  If  the  work  centre 
is  running  below  capacity  then  the  total  lead  time 
can  be  increased  and  the  lead  time  still  be 
maintained  constant  by  stepping  up  the  production 
rate.  As  we  approach  the  capacity*  however*  the 
flexibility  is  reduced. 

Hence  for  a work  centre  running  close  to 
capacity*  the  lead  time  can  vary  depending  on  the 
load.  If  loaa  is  allowed  to  get  too  large*  lead 
time  becomes  greater  than  the  planned  lead  time. 
Hence  the  presence  of  lead  time  uncertainty. 


It  is  important  here  to  realise  that  capacity 
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Is  tne  crux  of  the  problem.  Me  can  change  the  lead 
time  of  a |ob  if  it  Is  a high  priority  Job  - by 
pulling  it  through  first.  However*  this  can  be 
done  only  at  the  expense  of  another  J of>  i.e.  by 
aeexpedi t ing  some  other  Job  - if  we  are  running  to 
capacity.  Hence  the  argument  that  lead  time 
oepenas  on  priority  does  not  hold.  The  central 
issue  is  one  of  capacity.  In  the  face  of  capacity 
constraints  the  whole  game  of  pulling  a Job 
through  by  giving  it  high  priority  will  backfire. 
This  is  so  because  by  expediting  one  Job  to  get  it 
done  on  time*  we  will  have  to  expedite  yet  another 
to  have  that  done  on  time  (because  we  have 
effectively  deexpedlted  itl.  Very  soon  we  will  be 
unable  to  get  a Job  done  on  schedule  no  matter  how 
high  a priority  you  place  on  it  and  all  the  other 
Jobs  in  the  shop  will  be  hopelessly  behind 
schedule. 

Where  does  all  this  lead  us  to?  The  answer  is 
that  it  depends  on  the  situation.  If  the  shop  is 
being  run  below  capacity  there  is  no  problem.  If 
the  shop  is  being  run  near  capacity  and  there  is 
strong  control  on  input  once  again  lead  times  can 
be  maintained.  If  there  is  no  input  control* 
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however.  then  we  have  to  start  worrying  about  lead 
time  uncertainty. 

Given  lead  time  uncertainty,  how  do  you 
tackle  it?  Once  again  two  methods  suggest 
themselves. 

(i)  Fixed  quantity 

Using  this  technique  we  keeo  a fixed  quantity 
of  safety  stock  at  each  work  centre  where  the 
problem  exists.  Then  if  the  lead  time  gets  longer 
than  planneo*  the  safety  stock  is  utilised.  The 
safety  stock  is  automatically  replenished  when  the 
oroer  that  is  late  comes  through. 

The  quantity  of  safety  stock  to  maintain  has 
to  be  computed  for  each  work  centre  separately. 
This  is  a difficult  question  to  answer  and  depends 
on  the  density  of  orders  due  and  Increase  in  lead 
time.  Consider  the  following  situation  at  a work 
centre.  Two  Jobs  are  scheduled  to  finish  in 
periods  10  and  11  respectively.  The  planned  lead 
time  is  6 periods.  Suppose  actual  lead  time  for 
both  the  Jobs  goes  up  to  8 periods.  Hence  they 


will  onl y be 

comp  1 e ted 

in  periods 

12 

ano  13 

respectively. 

Theref ore 

we  shoul d 

h ave 

enough 
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safety  stock  to  cover  for  both  the  requirements • 
If*  however*  the  Jobs  were  due  Initially  in 
periods  lii  and  12  and  the  lead  time  increased  by  2 
periods  than  they  will  actually  be  completed  in 
periods  12  and  i4.  In  this  case  less  safety  stock 
is  needed  because  the  earlier  requirement  becomes 
available  by  the  time  the  next  requirement  becomes 


The  amount  of  safety  stock  needed  is  - 
(the  number  of  Jobs  due  within  the  increased  lead 
time)Man  estimated  maximum  per  period  dependent 
demand) 


(ii)  Safety  time 


Adopting  this  technique  we  plan  to  have  the 
Job  completed  a safety  time  ahead  of  when  it  is 
actually  needed.  Hence  if  the  lead  time  goes  up  by 
upto  as  much  as  the  safety  time*  the  Job  will 
still  be  completed  by  when  actually  needed.  Once 
again  the  cascade  effect  has  to  be  taken  into 
consideration.  To  follow  this*  consider  two  Jobs 
due  for  completion  in  periods  S and  10  without 
provision  for  safety  time.  Note  that  it  needs  2 


periods  after  the  first  Job  is  complete  to 


complete  the  second  |ob.  Now  let  us  provide  for 


safety  time  of  1 period*  Then  the  ) obs  are  due  for 


Suppose  the  Job  due  in  period  7 cannot  actually  be 


completed  until  period  8«  due  to  Increase  It  lead 
time  of  l period*  Following  this*  under  normal 
circumstances  the  next  Job  would  be  completed  only 
in  period  11  despite  the  1 period  safety  time* 
This  is  what  Is  meant  by  the  cascade  effect  and  It 
makes  the  safety  time  calculation  similar  to  the 
fixed  quantity  safety  stock  computation. 

There  is  not  much  to  choose  from  between  the 
two  techniques.  Each  one  has  its  disadvantages*  In 


either  case 

we 

are  lying  to 

t he 

system. 

In 

one 

case  we  do 

not 

real ly  need 

an 

order 

to 

be 

completed  so  early  - the  foreman  merely  sees  his 
lob  sit  at  the  next  stage  after  completion  and 
tends  to  switch  to  his  Informal  system  of 
priorities.  In  the  other  case  we  do  not  need  so 
much  to  be  completed  and  the  same  situation 
occurs.  Hence  both  techniques  have  psychological 
and  administrat  lve  drawbacks* 


However*  between  the  two  we  would  choose  the 
fixed  quantity  technique*  This  is  because  for  the 
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next  type  o(  uncertainty  discussed  we  use 
something  akin  to  fixed  quantity  because  we  are 
concerned  with  quantities  rather  than  timings* 
Hence  there  will  be  a certain  amount  of 
consistency  which  should  help  make  system  design 
easier*  Also  we  will  avoid  the  situation  where  an 
intermediate  product  might  be  subject  to  both 
timing  and  quantity  aspects  of  safety  stock* 


Besides*  the  multi  level  effect  should  be 
considered.  Using  safety  time  at  a level  means 
that  all  the  levels  below  it  are  also  forceo  to 
work  by  the  safety  time.  Thus  safety  time  is 
visible  through  all  the  lower  levels  of  the 

I 

product  structure.  This  problem  does  not  arise  for 
fixed  quantity  safety  stock.  This  problem  also  did 
not  arise  with  purcnased  material  because  there 
are  no  lower  level  items  that  can  be  affected* 
(The  earlier  cited  reference  work  by  Clay  Whybark 
and  Greg  Hillla»s<65>  did  not  consider  the  effects 
of  part  commonality  and  multiple  levels*)* 


(4) 

| I 

■ I 


Uncertainty  in  supply  due  to  yield  variability 
This  variability  is  present  at  two  levels 


(a)  purchased  parts  and 


(b)  intermediate  items 


(a)  Purchased  parts 

An  MRP  explosion  tells  us  exactly  how  many  units 
of  the  purchased  item  .are  needed  in  a period.  Thus*  the 
explosion  might  indicate  that  we  need  127  units  of  item 
X.  Does  this  mean  that  we  can  place  an  order  for 
exactly  127  units?  No!  This  is  because  the  quantity  we 
receive  may  be  within  10%  or  so  of  the  quantity 
ordered.  This  will  be  specially  true  of  low  cost  high 
volume  items. 

Lot  sizing  will  help  to  recuce  this  risk  but  does 
not  eliminate  it.  One  way  of  taking  care  of  the  problem 
is  to  order  net  requirements  ♦ a safety  factor.  This 
safety  factor  may  be  5%  or  1Q%  of  net  requirements 
depending  on  the  variability  experienced.  For  low 
volume  items  ordered  in  quantities  of  tens  or  twenties 
this  problem  does  not  arise.  For  high  volume  items  we 
face  the  problem.  If  the  items  are  low-cost  high-volume 
then  the  additional  cost  is  small.  If  the  Item  involved 
is  high-cost  high-volume  then  we  have  to  analyse  the 
situation  - it  might  be  cheaper  to  reduce  uncertainty 
at  the  suppliers  ena  by  some  means  such  as  keeping  a 


representative  there 
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( b I Intermediate  items 

Yield  uncertainty  exists  at  intermediate  levels 
due  to  scrap  and  productivity  uncertainty*  This  Mill  be 
particularly  true  at  loner  levels  where  machining  is 
involved.  Here  again  the  uncertainty  is  reduceo  if  the 
item  is  already  being  covered  by  some  form  of  safety 
stocK  due  to  some  other  reason.  This  is  because  the 
probability  of  more  than  one  safety  stock  causing 
factors  occurrence  is  less  than  the  probability  of  any 
one  such  occurrence  since  these  are  independent  events. 

This  area  is  therefore  highly  situational 
depenaent.  If  the  yield  variances  are  high  enough  then 
ne  should  provide  for  safety  stock  by  planning  for  a 
quantity  equal  to  (net  r equirements*yi e I d factor)  where 
yield  factor  depends  on  the  uncertainty.  At  any  rate 
this  will  be  a small  amount  of  safety  stock  at  mostly 
low  level  items. 

Cone lusions 

He  definitely  naea  safety  stock  at  the  two  interfaces 
to  MRP  viz.  the  end  items  and  purchased  items. 

For  end  items  we  need  safety  stock  to  protect  against 
forecast  errors.  Safety  stock  is  based  on  the  service  level 
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CHAPTER  5 


LEAD  TIME 


Lead  time  at  £ work  centre  depends  on  the  total 
load  and  the  production  rate.  Lead  time  is  directly 
proportional  to  total  load  and  inversely  proportional 
to  the  production  rate.  Given  a production  rate*  as 
the  load  rises  the  lead  time  increases  and  this  is 
mostly  an  increase  in  the  queue  time.  Thus  if  the 
backlog  becomes  very  large  then  the  queue  time  can 
become  a very  substantial  proportion  of  the  lead  time* 


MRP  assumes  lead  time  to  be  constant  regardless  of 
the  order  quantity.  Lead  time  Is  made  up  of  two 
components  - average  queue  time  and  processing  time.  If 
we  have  a good  handle  on  lead  times  then  the  average 
queue  time  need  not  be  a substantial  fraction  of  the 
lead  time  unless  the  lob  arrivals  at  the  work  centres 
are  very  highly  erratic.  If  the  qjeue  time  is  not  a 
substantial  fraction  of  the  lead  time  then  the  second 
component  - processing  time  - can  materially  affect  the 
lead  time.  In  such  cases*  lead  tiee  varies  with  the 
order  quantity.  A certain  amount  of  this  variability 
can  be  absorbed  by 


59 


Cl> 

working 
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me 

(2) 

mov ing 
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1 oaaed 
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However* 

both  of 

these 

are  not 

wi thou t 

cost 

is  dlrec 

t and 

there 

is  a 

cost  of 

di  st 

people  from  one  work  centre  to  another, 
ourselves  the  question  - why  Co  we  need  to 
times? 

If  queue  time  Is  a very  substantial 
time * then  lead  time  is  practically  indepen 
quantity.  As  an  example*  if  queue  time  is  9 
time  and  if  processing  time  Increases  by  5 
order  quantity*  this  means  only  a 5j*3.1  i. 
lead  time.  However*  a queue  time  so  large  m 
the  Job  arrivals  3re  very  erratic  or  that  t 
highly  inflated.  There  is  a heavy  cost  to  t 
terms  of  larger  in-process  inventories. 

In  a well  managed  system*  therefore* 
be  assumed  to  be  independent  of  the  order  q 

The  question  arises  as  to  what  should 
time  be?  One  point  that  should  be  kept  1 
whatever  number  it  oe*  it  should  be  agreed 


k centres  to  more 
e the  bottleneck. 
. Overtime  cost 
ccation  in  moving 
He  have  to  ask 
assume  fixed  lead 

fraction  of  lead 
dant  of  the  order 
0/.  of  the  lead 
QZ  due  to  a large 
e.  5%  increase  in 
eans  that  either 
he  lead  times  are 
he  latter  case  in 

lead  t imes  cannot 
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this  planned  lead 
n mind  is  that 

on  by  everyone  - 


Management  and  the  foreman.  To  get  an  idea  of  what  the  lead 
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offsetting  by 

1 ead 

time  we  determine  the 

day 

by 

which 

the 

next  lower 

1 eve  1 

item  is  desired. 

We 

use 

the 

shop 

scheduling  calendar  for  this  purpose<i8>. 

The  way  things  happen  at  a work  centra  is  that  there  is 

0 

a random  input  and  output*  A queue  is  present  to  flex  as  the 
work  arrival  rate  varies  randomly.  The  queue  has  to  be  only 
long  enough  to  act  as  a shock  absorber  to  the  random  work 
arrival.  So  long  as  we  ao  a good  ]ob  on  master  scheduling« 
the  queue  varies  in  length  but  around  a stable  average.  The 
lead  time  can  be  considered  as  being  made  up  of  three 
components  - 

Leao  time  = Queue  rime  + Setup  time  ♦ Process  time 

Cycle  time 

= Queue  time  + Setup  time  ♦ 

(process  time  per  unitJMIot  size) 

The  queue  time  component  is  precisely  the  stable  average  we 
were  talking  about  aoove.  This  is  an  estimate.  He  have  to 
manage  the  queue  to  this  average.  The  other  two  components 
of  tne  leao  time  are  deterministic. 


If  we  use  lead  times  as  calculated  above  as  the  planned 
leao  times  and  observe  the  Jobs  going  through  a work  centre 
then  if  50*  of  tne  Jobs  go  through  faster  and  50%  of  the 
Jobs  go  through  slower  than  planned  (due  to  queue 
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conditions)  then  Ha  know  that  the  average  queue  time  Is 
being  maintained.  This  Is  not  something  to  get  upset  about. 
This  Is  because  a Job  goes  from  one  queue  Into  another 
queue.  At  each  queue*  Jobs  are  sorted  In  line  based  on  the 
relative  priority  In  the  queue.  Jobs  that  are  ahead  ere 
pushed  back  and  Jobs  that  are  behind  are  pushed  ahead.  He 
are  therefore  in  the  constant  recovery  mode  and  queues 
provide  the  opportunity  to  catch  up  - in  effect  acting  as  a 
safety  factor  in  themselves  (so  long  as  the  queues  are 
managed!).  Thus  If  Jobs  go  through  15  work  centres  then  He 
are  recovering  15  times  back  to  the  original  schedule. 

Real  problems  occur  when  there  Is  an  average  input  to 
average  output  unbalance.  Then  the  queues  nil  I either  build 
up  or  dry  up.  In  order  to  prevent  such  occurrences  ne  have 
to  monitor  the  work  centres  using  I/O  control s<66>.  If  the 
queue  grons  then  ne  nave  to  use  overtime  or  some  other  means 
to  manage  It.  One  reason  nhy  such  unfortunate  things  might 
happen  is  that  the  average  queue  time  estimates  Here  awry  to 
start  Hlth.  Another  reason  might  be  poor  master  scheduling 
leading  to  unbalanced  nork  centres*  in  nhlch  case  an  average 
queue  time  is  not  meaningful. 

In  conclusion}  If  is  suggested  that  lead  times  be 
calculated  as  a sum  of  average  queue  time*  setup  time  and 
processing  time.  To  do  this*  the  average  queue  time  has  to 
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be  computed.  This  can  be  achieved  by  studying  the  length  of 
the  queue  with  time  at  each  work  centre.  Once  this  is  done* 
I/O  control <6b>  has  to  be  maintained  at  each  work  centre  to 
spot  average  input  to  average  output  mismatches.  It  the 
system  is  to  succeed  then  another  function  that  has  to  be 
performed  is  Job  sequencing  at  queues  by  priority. 


CHAPTER  6 


LOT-SIZING 

MRP  literature  aoes.  not  discuss  master  scheduling 
except  to  say  that  It  should  not  be  overstated.  If  we  do  a 
good  Job  on  master  scheduling  somehow  then  this  means  that 
the  shop  will  work  to  capacity  as  will  the  work  centres.  If 
we  now  explode  the  master  schedule  using  MRP.  arrive  at  net 
requirements  and  lot-size  then  we  are  effectively  meddling 
with  the  master  schedule  because  previously  balanced  work 
centre  loads  are  upset.  This  problem  will  not  arise  only  if 
master  scheduling  took  into  account  lot-sizing  and  we  are 
using  the  computed  lot-sizes.  Lot-sizing  can  be  of  saving 
wherever  setup  costs  are  high.  Hence  the  need  to  lot-size 
exists. 

All  of  tnese  arguments  point  to  the  need  for  taking 
into  account  lot-sizing  effects  on  shop  floor  loading  at  the 
level  of  master  schedule  itself. 

Keeping  this  in  mindt  there  is  not  much  point  in 
discussing  the  merits  and  demerits  of  the  individual 
lot-sizing  techniques  such  as  Least  Unit  Cost*  Least  Total 
Cost*  Part  Period  Balancing*  Period  Order  Quantity*  Fixed 
Oroer  Quantity*  etc.  Descriptions  of  these  techniques  can  be 
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found  in  0rlicky<45>.  Another  problem  with  these  techniques 
is  that  they  are  all  single  stage  techniques*  Thus*  benefits 
gained  due  to  lot-sizing  at  one  level  may  be  more  than 
offset  by  the  impact  this  has  on  the  lower  levels. 


To  illustrate*  consider  the  requirements  schedule  shown 
in  Figure  13  (a  reproduction  of  Figure  Si  in  Or  I lcKy<45>) . 
The  figure  shows  the  lot-sizes  for  the  Least  Total  Cost 
technique*  The  values  for  the  pertinent  parameters  are* 

Setup  cost  S = $100 

Unit  cost  C = $50 

Carrying  Cost  I = $0.24  per  annum 

Ip  = $J*02  Per  period 

Suppose  this  item  creates  gross  requirements  onto  its 
lower  level  item  which  has  the  following  char acter isf icsi 

Setup  cost  S = $10 
Unit  cost  C =$40 
Carrying  cost  I = $0.24  per  annum 
= $0*02  per  period 

Economic  Part  Period  (EPP)  = S/(Ip*C)  = 13 


. 

I 


If  we  still  use  Least  Total  Cost*  then  for  the  next 
level  the  p I anned-or der  coverage  will  be  as  shown  in  Figure 
14.  For  this  lot-sizing*  the  inventory  cost  will  be* 


r 
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Setup  costs  = * ( 2*1 0 ) = $20 

Carrying  costs  = *(4J*u. J2> (1C*12U  + (43*C . 02> (5+20+90) 

= *196 

Hence*  Total  Inventory  Cost  = *(20*i96)  = $216 

Suppose*  however*  that  lot  for  lot  was  used  at  the  parent 
level  and  the  lower  level*  Then  the  planned  order  coverage 
for  the  lower  level  item  will  be  as  in  Figure  15.  Now  the 
inventory  cost  for  the  lower  level  item  is» 

Setup  costs  = *(7*10)  = *70 

Carrying  costs  = *0 

Total  Inventory  Cost  = *70 

At  the  lower  level*  therefore*  we  would  have  saved 
$(216-701*  i.e.  *146.  However,  inventory  costs  for  the 
higher  level  item  would  have  been  higher. 

Thus  lot-sizing  techniques  discussed  in  the  MRP 
literature  are  single  level  techniques  and  inadequate 
anyway . 

MRP  literature  also  says  that  safety  stock  where 
required  should  be  kept  at  the  end  item  level.  This  is 
because  if  any  uncertainty  exists,  it  is  at  the  master 
production  schedule  level  and  not  at  the  component  item 
level.  Literature  adds  that  in  an  MRP  system,  demand  for 
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the  individual  component  items  is  not  being  forecast  and  is 
not  therefore  subject  to  forecast  error. 

Assuming  this  is  true*  the  master  production  schedule 
Mill  be  frozen  ov9r  the  cumulative  production  lead  time  - 
any  forecast  errors  for  the  end  item  are  absorbed  by  safety 
stock  at  that  level  and  there  is  no  need  to  change  the 
schedu I e. 

However,  when  it  comes  to  lot-sizing,  MRP 

* 

1 1 terature<45>  turns  right  around  and  says  that  all  discrete 

I 

lot-sizing  algorithms  are  based  on  the  implicit  assumption 
of  certainty  of  demand,  that  in  most  cases  the  pattern  of 
future  demands  is  never  certain  and  that  therefore  one 
lot-sizing  algorithm  is  as  good  as  another.  Orlicky 
recommends  lot  for  lot  lot-sizing. 

There  is  a claar  contradiction  here  - it  is  a case  of 

I 

eating  your  cake  and  having  it  too! 


Orlicky  in  his  book<<*5>,  page  169,  says  "probably  the 
most  serious  problems  that  the  inventory  planner  must  cope 
with  are  discrepancies  or  misalignments  between  net 
requirements  and  coverage,  resulting  from  unplanned  events 
or  Increases  in  gross  requirements.*' 

In  the  first  place,  this  should  not  happen  in  MRP 
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because  aemand  for  component  items  is  certain  and 
uncertainties  are  tackled  at  the  end  item  level.  Assuming 
that  it  happens*  however*  the  problem  and  its  solution 
presented  in  MRP  literature  is  as  below! 

Suppose  the  inventory  record  for  item  A is  as  shown  in 
Figure  lb.  Now  suppose  that  the  gross  requirements  in 
period  4 go  up  to  30  because  of  an  increase  in  the  planned 
order  release  of  its  parent  item.  The  situation  will  then 
look  as  in  Figure  1 7. 

Now  notice  that  there  is  a net  requirement  for  ic  units 
of  item  A in  period  4.  However,  since  the  lead  time  is  4 
periods*  this  requirement  cannot  be  satisfied  even  if  a 
planned  oraer  is  immediately  released.  Thus,  either  the 
processing  for  i3  units  is  expedited  or  some  other  solution 
has  to  be  found. 


At  this  point  the  user  examines  the  inventory  record 
for  the  parent  of  item  A.  He  is  helped  in  achieving  th:s  by 
means  of  the  peg  record.  A peg  record  is  a where-used  record 
that  allows  us  the  capability  to  trace  the  source  of  item 
demand  to  the  immediately  higher  level.  The  user  notes  that 
the  gross  requirement  of  30  units  of  A in  period  4 is  needed 
to  cover  the  net  requirement  of  9 and  21  in  periods  6 and  7 
of  its  parent  item.  Hence  one  solution  is  to  change  the  lot 
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sizes  of  the  parent  item  to  9 in  period  4 and  31  in  period 
5.  The  result  is  as  shown  in  Figure  18* 

Mote*  however*  that  this  is  possible  only  because  of 
the  lot-sizing  used*  If  lot  for  lot  lot-sizing  is  used  then 
the  above  would  not  have  been  possible! 

In  conclusion*  MRP  literature  Is  inconsistent  on  the 
point  of  lot-sizing.  All  techniques  discussed  in  MRP 
literature  are  single  level  techniques  anyway.  In  order  not 
to  meodle  with  a gooJ  master  schedule  and  yet  do  lot-sizing 
where  large  setups  are  Involved  it  is  suggested  that 
lot-sizing  considerations  be  naoe  at  the  master  schedule 


level 
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CHAPTER  7 
MRP  EVERYTHING 


An  important  issue  Is. whether  item  should  be  controlled 
using  MRP  or  not.  Most  firms*  for  example*  control  items 
such  as  nuts*  bolts*  cotter  pins  etc.  by  a two  bin  system 
or  some  form  of  reorder  point  system.  Some  questions  that 
need  to  be  answered  are- 

- should  all  items  be  put  onto  the  bill  of  material? 

- shoulo  all  items  be  controlled  by  MRP? 

- if  not*  then  which  items  are  candidates  for  some  alternate 

form  of  control? 

The  first  two  questions  above  are  actually 


inter-re  1 

atea 

if 

we  want  to 

cont  ro 1 

an  i 

tern  by  MRP  it  has 

to  be  on 

the  Sill 
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though 
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reverse  is  not 
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In  many  cases* 
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Material  is 
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manufacturing  or  shop 
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document. 
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Often  times  a company  may  decide  to  leave  a few  it»ms 
out  for  some  reason  or  other.  Most  commonly  these  reasons 
relate  to  cost*  usage  and  lead  time.  These  paremeters  are 
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not  constant*  however*  and  can  change  very  substantially* 
Lead  times*  tor  example*  can  vary  widely  depending  on 
Industry  specific  circumstances  or  on  the  state  of  the 
economy.  With  tnesa  fluctuations  an  item  that  the  Urn 
decided  was  not  wortnwhile  to  put  on  the  Sill  of  Material 
may  suddenly  become  important  and  the  firm  may  want  it  on 
the  bill-  or  worse*  the  firm  may  not  realise  that  it  needs 
the  item  on  the  bill  under  changed  circumstances  and  this 
may  result  in  a stockout!  This  is  another  reason  why  firms 
may  want  all  items  on  the  Bill  of  Material. 

Some  firms  do  not  put  all  items  in  the  bill  because 
they  believe  the  cost  of  doing  so  exceeds  the  benefits.  As 
Leroy  Peterson<5Q>  says*  "In  one  case,  the  savings  in  the 
computer  disk  storage  capacity  which  resulted  from 
elimination  of  common  hardware  on  the  bills  of  material  was 
approximately  40%  of  what  was  estimated  for  a complete  bill 
of  material  file". 

Very  often  the  firms  extend  the  Bill  of  Material  rather 
than  cut  it  down.  For  example*  suppose  we  have  part  of  a 
product  structure  as  below. 

A 


B 


C 


MM 


I 

i 

i 

I 

i 
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Making  of  subassembly  C,  however,  needs  a machining 
operation  requiring  the  use  of  a tool.  Depending  on  the 
quantity  of  item  C to  be  made,  we  may  need  l or  more  tools. 
Me  can  make  MRP  tell  us  this  by  adding  the  tool  onto  the 
Bill  of  Material  and  building  in  the  proper  logic  into  the 
software. 


B C Tool 

Sometimes  tne  firm  may  decide  to  implement  support 
functions  which  will  access  the  Bill  of  Material  file.  One 
such  function  that  readily  comes  to  itlnd  Is  cost  accounting 
by  unit  or  by  batch.  Then  again  it  is  essential  that  all 
items  be  on  the  Bill  of  Material. 

From  these  points  it  seems  to  be  clear  that  there  are 


number  of  benefits  to  be  gained  from  having  all  the  items  on 
the  Bill  of  Material.  The  only  saving  that  arises  is  the 
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disk  space.  In  only  rare  situations*  I think*  will  this 
saving  outweigh  the  benefits.  Moreover*  disk  storage  is 
getting  cheaper  with  time. 


Let  us  examine  all  items  along  the  dimensions  which  are 
most  important  in  aetermining  whether  they  should  be 
controlled  by  MRP  or  not-  unit  cost*  lead  time  and  usage. 
Olfferent  combinations  of  these  are  shown  in  Figure  19. 


There  are  two  situations  under  which  we  might  not  want 
to  control  an  item  under  MRP. 

(1)  It  might  be  impossible  to  maintain  accurate 
Inventory  records  on  some  items.  Typical  items  that  fit  this 
situation  are  nuts*  bolts*  wire*  flux*  carbon  resistors  etc. 
MRP  is  of  no  use  in  controlling  inventory  if  the  inventory 
status  is  highly  suspect-  in  fact  use  of  MRP  under  such 
circumstances  will  lead  to  an  unexpected  stockout  50 X of  the 
time.  This  is  so  because  50%  of  the  time  we  will  have  more 
on  hand  than  the  records  indicate  and  50%  of  the  time  we 
will  have  less-  and  MRP  places  a planned  order  only  when 
projected  inventory  becomes  negative.  Such  items  should  be 
controlled  using  reorder  point.  Typically  these  items  are 
low-cost  high-usage  items*  usually  having  a short  lead  time. 
To  make  sure  that  we  do  not  hit  a stockout  situation  for 
such  an  IteM*  a large  safety  stock  is  maintained. 


Figure  1?  MRP  everythin'*  decision  table. 
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Sometlmes  it  Is  argued  that  the  demand  for  such  items 
might  be  highly  variable  or  peaked  and  so  even  reorder  point 
with  large  safety  stock  will  result  in  stockout.  However, 
demand  can  be  peaked  or  variable  only  in  comparison  to  the 
order  quantity  and  safety  stock.  If  the  order  quantity  and 
safety  stock  are  large  numbers  in  comparison  to  the 
requirements  Then  the  relative  variability  is  highly 
reduced . 

(2>  Consider  a product  with  the  lead  time  relationship 
shown  in  Figure  20  • 
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Figure  20  Product  lead  time  relationship 
This  shows  us  that  in  oraer  to  finish  a unit  of  the  end 
item  in  week  i7»  we  need  to  order  parts  in  week  0 for 
subassembly  1.  parts  in  week  3 for  subassembly  2 and  in  week 
6 for  the  final  assembly.  The  figure  also  shows  the  start 
and  finish  weeks  for  each  stage. 

Now  suppose*  hov.ever*  that  we  need  a casting  to  be 
purchased  for  subassembly  2 and  that  this  casting  has  a lead 
time  of  20  weeks  even  though  it  is  an  inexpensive  item.  The 
lead  time  relationships  then  look  as  in  Figure  21. 


Now  thw  parts  for  suoassembly  2 should  have  been  ordered  in 
week  -12*  The  cumulative  lead  time  has  gone  up  by  12  weeks 
Just  because  of  the  casting*  This  means  we  would  need  to 
forecast  further  into  the  future  and  need  to  freeze  over  a 
longer  horizon-  both  of  which  we  would  not  like  to  do. 

It  seems  clear  that  we  would  rather  not  control  long 
lead  time  inexpensive  items  using  MRP.  Again  we  would  use 
reorder  point  with  a large  safety  stock. 

It  must  be  pointea  out  that  we  would  still  like  to 
retain  the  item  on  the  Bill  of  Material  and  explode  the  time 
requirements.  This  time  requirement  information  is  very 
useful.  Besides,  this  information  is  used  for  Issuing 
material  to  the  shop  floor. 

Combinations  5 and  6 of  Figure  19  are  hence  not  MRP 
controlled  because  of  the  above  problem.  Combination  7 is 
not  MRP  controlled  because  of  stock  status  inaccuracy. 
Combination  8 has  none  of  these  problems  and  can  be  MRP 
contro lied. 

In  conclusion*  therefore,  the  critical  factor  seems  to 
become  the  unit  cost  of  the  item.  All  expensive  items  should 
be  MRP  controlled  to  keep  Inventory  level  low  and  service 
level  high.  Inexpensive  items  should  not  be  MRP  controlled. 
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Al I items  should  be  exploded  to  generate  time 
requirements  information.  For  the  inexpensive  items* 
though,  this  information  is  useo  for  <i)  issuing  material  to 
the  shop  f I oor  rather  than  tor  inventory  control  and  (2)  to 
be  forewarned  of  any  unusually  large  requir ements . 
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Figure  21  Modified  product  lead  time  relationship 
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CHAPTER  8 


IHJUSTRY  SURVEY 


As  oart  of  the  research  effort  to  get  a feel  for  what 
real  Hie  i mp  I ementat  ions  were  like  we  decided  to  conduct  a 
survey*  A total  of  seven  firms  were  personally  visited  and 
discussion  usually  took  place  with  two  or  three  people 
Including  the  Materials  or  Manufacturing  Manager  and  the 
Systems  Analyst  incharge  of  the  MRP  prolect*  Each  of  these 
firms  was  asked  nearly  4Q  questions  though  not  necessarily 
In  the  same  order*  The  order  depended  on  the  flow  of 
conversat 1 on.  In  many  Instances  answers  to  questions  were 
less  than  satisfactory  or  not  available  and  further  probing 
only  led  to  a change  of  topic*  The  questions  posed  can  be 
grouped  under  the  following  subheadings  - 

- general  * overall 

- master  scheduling 

- frozen  master  schedule 

- safety  stock 

- lead  time 

- MRP  everything 

- lot  sizing 

- nervousness 

- system  parameters*  capabilities 
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Rather  than  give  the  answers  to  the  qjestlons  by  each 
firm,  the  following  strategy  will  be  adopted.  A brief 
description  of  each  firm  will  be  given  at  the  start.  He  will 
then  proceed  to  list  different  responses  under  questions  in 
each  subheading.  He  will  follow  this  procedure  because  this 
is  not  an  attempt  to  study  the  MRP  implementations  of 
different  firms  but  to  see  what  different  firms  do  to  tackle 
the  issues  discussed  in  the  previous  chapters* 

Company  A 

This  company  is  in  the  business  of  producing 
instruments  and  systems  for  process  management  and  control. 
The  corporation  as  a whole  produces  over  a thousand 
different  products  world-wide  and  has  sales  in  excess  of 
S3QC  million  (1975).  We  studied  the  MRP  implementation  at 
one  of  tneir  plants  which  makes  electronic  process  control 
instruments  mostly.  The  plant  has  20*000  item  numbers  and 

the  bills  of  material  are  2 to  6 levels  deep.  The  end 

products  come  in  many  different  models  of  common  functloral 
units.  The  firm  makes  to  order  and  has  about  1.5  years 
experience  with  MRP. 

Company  B 

This  company  is  in  the  business  of  designing* 

manufacturing*  selling  and  servicing  computers*  peripheral 
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and  computer  accessory  equipment  and  other  systems  using 
digital  techniques*  The  company  has  manufacturing  facilities 
world-wide  and  has  sales  in  excess  of  $500  million  (1975). 
The  plant  studied  has  5G,00G  part  numbers  and  the  bills  of 
material  are  upto  10  levels  deep.  The  company  is  in  the 
process  of  installing  an  MRP  system  and  the  systems  work  has 
been  completed.  Systems  are  currently  being  tested  and  run 
in  parallel  with  the  existing  system. 

Company  C 

This  company  is  in  the  business  of  designing  and 
producing  gas  ignition  and  temperature  control  equipment. 
The  company*s  manufacturing  facilities  are  centrally  located 
and  sales  are  in  excess  of  $30  million  (1975).  The  company 
has  17*000  item  numbers  and  the  bills  of  material  are  6 
levels  deep.  The  firm  has  almost  years  MRP  experience. 


Company  0 


This  company  designs  and  produces  products  such  as 
mechanical  and  diffusion  pumps*  accessories  and  components* 
vacuum  gauges  and  gauge  controls*  leak  detectors  etc.  The 
company  has  sales  in  excess  of  $10  million  ( 1 9 75 ) • The  fire 
makes  to  stock  and  has  15,000  part  numbers  and  the  bills  of 
material  are  upto  9 levels  deep.  The  company  had  an  MRP  like 
system  for  ic  years.  It  is  now  in  the  process  of  switching 
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over  to  MRP  as  It  Is  Known  today.  The  new  system  Is  not  up 
and  running  as  yot. 

Company  E 

This  company  is  in  the  business  of  design  and 
proauction  of  microwave  components  primarily  used  as 
building  blocks  for  radar*  missile  and  telecommunications 
equipment.  The  company  has  sales  in  excess  of  $50  million 
(1975).  The  plant  has  40*000  part  numbers  and  the  bill  of 
material  is  upto  li  levels  deep.  The  company  has  almost  2 
years  of  experience  with  MRP.  This  company  was  very  evasive 
in  its  answers  and  did  not  answer  a number  of  questions. 

Company  F 

This  company  designs*  manufactures  and  markets 
electronic  components  and  subsystems  used  for  the 

acquisition*  conditioning*  conversion,  transmission  and 
display  of  digital  and  analog  oata  in  precision  measurement 
and  control  systems.  The  firm  makes  more  than  3uQ  products* 
has  5000  parts  and  has  sales  in  excess  of  *30  million 
(1975).  The  firm  has  a single  level  bill  of  material.  It  is 
engaged  only  in  assembly  operation  and  has  no  manufacturing. 
The  firm  ran  an  explosion  4.5  years  abo  and  is  pursuing  MRP 


vigorousl y 
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Company  G 


This  firm  designs*  raanu factur es  and  markets  medical 
electronic  measuring  devices  and  monitoring  equipment  such 
as  central  station  monitoring  equipment*  intensive  care 
units*  pacemakers*  cardiovascular  instruments  etc.  The 
company  has  sales  of  near  S80  million.  It  has  40*000  part 
numbers  and  the  bills  of  material  are  upto  8 levels  ceep. 
The  company  makes  systems  mostly  to  order  and  is  In  the 
process  of  snitching  over  from  an  MRP  like  system  to  MRP. 


He  now  present  the  results  of  the  questionnaire. 


Genera  I «Overal  I 


Ql«  Hhat  first  brought  you  onto  the  idea  that  MRP  would  be 
beneficial  to  your  firm? 

Q2»  From  where  did  the  suggestion  for  MRP  first  come?  From 
management?  From  sales?  From  production? 


Of  the  7 companies*  4 companies  were  put  onto  MRP  by 
the  suggestions  of  consultants,  z firms  had  MRP  like  systems 
runnung  and  to  tham  this  was  evolutionary.  One  firm 
considered  MRP  seriously  through  the  readings  of  the 
Manufacturing  Manager. 


QJ.  Before  MRP  what  system  did  you  have?  Hhat  problems  did 
you  run  Into  using  that  system  that  made  you  think  of 
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an  alternate  system? 


Before  MRP.  3 firms  had  reorder  point  systems  and  2 
firms  had  MRP  like  systems.  At  2 firms  we  could  not  find  out 
because  the  people  we  spoke  to  had  not  been  there  long 
enough. 

The  firms  that  used  reorder  point  previously  cited  the 
following  as  problems  they  hao 

- reacted  too  late 

- master  scheduling  problems 

- inventory  was  out  of  phase  with  production 

- big  backlogs 

- Sow  service  levels  to  customers 

- inventories  were  inaccurate 

- pyramiding  stocks 


Q4.  Has  an  economic  Justification  made  aefore  the  decision 
to  install  the  MRP  system?  H3S  it  a formal  analysis? 
If  yes.  who  conducted  the  analysis?  If  no.  did  you  go 
oy  gut  feel  a I one? 


Of  the  7 firms.  6 firms  made  no  economic  Justification 
or  analysis  before  embarking  on  MRP.  They  cited  reasons  such 
as  - “we  felt  we  could  not  do  without  the  system”  or  “we 
felt  we  needed  the  system”.  One  firm  that  is  now  in  the 
process  of  switching  over  fron  an  MRP  like  system  to  MRP 
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said  that  a Return  on  Investment  calculation  had  been  made  - 
no  figures  were  given* 

Q5«  What  benefits  aid  you  expect  in  using  MRP?  Have  you 
achieved  the  benefits?  Give  figures  and  statistics. 

The  following  were  mentioned  as  expected  benefits  from 
using  MRP- 

- better  service  level 

- reauction  in  inventory 

- better  time  information 

- shorter  lead  times 

- easier  ] ob  release 

- priority  malntalnance 

No  firm  mentioned  all  of  the  above  and  at  most  3 of  the 
above  benefits  were  cited  by  any  one  firm.  All  firms  agreed, 
however,  that  the  benefits  they  had  expected  had  been 
realised.  Not  a single  firm  could  come  up  with  figures  of 
the  benefits  achieved-  they  were  going  on  feel. 

Firm  A cited  the  following  as  unexpected  benefits 
achievea- 

- change  of  attitude  - "we  think  of  the  future  now  Instead 
of  the  past". 

- found  out  how  poor  the  inventory  oata  base  was 
• found  out  how  poor  their  bill  of  material  was 
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Firm  C said  that  an  unexpected  benefit  was  that  they 
had  discovered  obsolete  Inventory* 

Firm  E sala  that  the  rescheduling  capability  was  an 
unexpected  benefit* 

Q6*  Is  the  system  IBM  PICS*  modified  PICS  or  custom 
designed?  Old  you  look  at  alternate  systems? 

The  Firm  A system  is  IBM  PICS  with  modifications*  These 

■oai f icat 1 ons  were  carried  out  by  IBM  people* 

I 

I 

, The  Firm  8 system  has  been  developed  totally 
Interna  1 1 y • 

■ 

The  Firm  C system  is  IBM  PICS  off  th9  shelf  and  without 
any  modifications. 

Firm  0 has  purchased  OBOMP  (Data  Base  Organisation  and 
Halntainance  Processor)  ana  RPS  (Requirements  Planning 
System)  from  IBM.  The  rest  of  the  system  has  been  Internally 
mritten* 

Firm  E has  done  the  same  as  Firm  0* 

Firm  F has  customised  OBOMP  and  RPS  and  has  programmed 
j,fhe  printing  of  a number  of  other  reports  using  the  MRP  data 
biases. 


I 
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Firm  G purchased  8QMP  and  did  the  rest  of  the  systems 
work  themselves*  modelling  after  PICS. 

Q7.  What  was  the  estimated  total  cost  of  implementing  the 
system?  In  terms  of  equipment?  In  terms  of  man-hours? 

Firm  A has  been  using  an  average  of  5 people  per  year 
full  time  since  1971-72.  Could  give  no  dollar  estimates. 

Firm  B estimated  the  cost  to  be  $100*000. 

Firm  C used  about  2 man-years  of  internal  effort  and 
paid  $16*000  in  consulting  fee. 

Firm  0 had  no  idea  of  the  costs  whatsoever. 

Firm  E estimated  16  man  years  of  effort  into  systems 

work. 

Firm  F haa  no  idea  of  the  cost  of  the  system. 

Firm  G had  no  ioea  either  but  hazarded  an  estimate  of 
roughly  3 man-years  plus  involvement  and  time  of  all  kinds 
of  other  people. 

Q0.  How  much  time  did  the  installation  take? 

It  took  Firm  A 4 years  and  they  are  still  working  on 


it 
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Firm  B took  i year  to  design  the  system. 

Firm  C took  3 years  but  they  stressed  that  they  hired 

no  extra  people-  existing  staff  was  used. 

Firm  0 has  given  the  project  Ioa  priority  due  to  funds 
and  It  Is  still  bridging  on. 

For  Firm  E the  implementation  time  was  nearly  2 years. 

Firm  F took  2 years. 

Firm  & took  1.5  years. 

Q9.  Hhat  data  processing  equipment  do  you  have  to  support 
MRP?  Old  you  already  have  it  or  did  you  acquire  It  for 
MRP? 

Firm  A switched  over  from  an  IBM  36O  to  an  IBM  370. 
However*  they  said  they  would  have  done  this  anyway. 

Firm  B runs  the  system  on  a OEC-lO. 

Firm  C switched  from  an  IBM  360  to  an  IBM  370  because 
of  MRP. 

Firm  0 Is  not  yet  running  MRP.  Their  MRP  like  system  Is 
runnung  on  an  IBM  36J/4J  in  an  IBM  1440  emulation  mode. 

Firm  E also  switched  from  an  IBM  360  to  an  IBM  37Q  but 
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sald  they  would  have  done  this  anyway. 


Firm  F runs  MRP  on  an  IBM  370  and  acquired  this  for 
general  and  future  use.  and  not  Just  for  MRP. 


Firm  G runs  their  MRP  like  system  on  an  IBM  363/30.  The 
new  MRP  system  wll I run  on  HP  machine. 


QlO.  Oo  you  h3ve  other  computer ised  Information  systems? 


All  the  firms  had  a number  of  computer  based  management 
information  systems.  The  commonly  mentioned  ones  were 
Receivables.  Payroll*  Sales  Analysis  etc. 


Qll.  What  did  you  first  Install-  aggregate  capacity 
planning*  shop  floor  control  or  MRP? 


Firm  A first  had  a manual  capacity  planning  system.  It 
then  installed  MRP.  It  does  not  as  yet  have  a Shop  Floor 
Control  System. 


Firm  8 has  no  aggregate  capacity  planning.  They  have 
only  Just  finished  the  MRP  system  and  some  form  of  I/O 
control  will  soon  be  finished. 

Firm  C has  no  capacity  planning.  They  went  from  MRP  to 
Shop  Floor  Control  (very  recently  Installed)  In  that  order. 


Firm  0 has  no  capacity  planning.  It  has  Shop  Floor 
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Control  but  the  MRP  system  is  not  yet  up. 

Firm  E has  MRP  only. 

Firm  F has  MRP.  They  plan  to  have  capacity  planning  and 
shop  floor  control  in  that  .order. 

Firm  6 plans  to  proceed  as  MRP-  manual  capacity 
planning-  shop  floor  control* 

Cli2.  In  the  MRP  design,  were  the  users  actively  involved  or 
was  it  mostly  the  work  of  consultants? 

All  firms  said  that  the  users  were  actively  involved  in 
the  design  of  the  MRP  system. 

Qi3.  Have  you  had  any  serious  problems  after  or  during  the 
implementation  of  the  MRP  system? 

The  following  MRP  related  problems  were  cited  by  the 
firms* 

- better  shop  floor  control  has  to  be  maintained 

- stockroom  control  has  to  be  much  tighter*  (Almost 
always  padlocks  were  used  and  the  stockroom  was 
controlled  with  military  precision)* 

- getting  orientea  to  the  system  takes  a long  time  for 
people*  There  is  a lot  of  user  resistance* 

- lot  of  malntainance  involved 


96 


- creation  and  maintainance  of  lead  times  were  a 
pr ob I em 

- master  scheduling  was  a problem 


Master  Schedulin< 


Q14.  How  is  your  master  schedule  prepared?  What  is  the  exact 
procedure?  How  do  you  ensure  that  shop  loading  is 
satisfactory?  Oo  you  use  HRP  as  a ’simulation*  and  go 
back  to  change  the  master  schedule? 


Firm  A 

This  firm  divides  its  end  items  into  ’rate  groups' 
based  on  manufacturing  specification* 

A master  production  plan  is  first  prepared*  This  is  a 
capacity  plan  and  is  done  nonthly.  Maximums  are  set  for  each 
rate  group  tnough  the  mix  within  a rate  group  can  vary.  The 
production  plan  consists  of  production  schedules  for  each 
product  within  the  rate  groups  based  on  mix  of  forecast 
demand* 


Within  5 weeks  the  master  schedule  is  composed  of  only 
firm  orders  from  customers*  Outside  5 waeks  the  master 
schedule  is  the  forecast  or  sales  orders*  whichever  is 
larger*  so  long  as  the  sum  within  a rate  group  does  not 
exceed  the  maximum.  The  fire  quotes  delivery  times  of  12  to 
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18  weeks*  has  a cumulative  lead  time  of  approximately  28 
weeks  of  which  3 weeks  is  the  final  assembly  lead  time* 


The  firm  does  not  have  shop  loading  profiles  printed  as 
yet  but  plans  to  implement  such  a system,  (fork  centres  work 
overtime  and  they  Jse  subcontracting  to  take  up  unbalanced 
I oads* 


Jobs  through  the  shop  are  tracked  manually  and  a weekly 
I/O  report  is  prepared  manually* 


Firm  8 


This  firm  does  not  do  any  aggregate  capacity  planning. 
They  use  forecasts*  history*  economic  trends  and  other 
indicators  to  come  up  with  sales  targets  which  is  then 
translated  into  a production  schedule.  They  feel  that  they 
can  aerive  and  meet  sales  targets  very  accurately.  They  also 
feel  that  they  do  a good  Job  on  long  range  capacity  planning 
and  stay  ahead  on  capacity.  (From  talking  to  other  people  in 
the  firm*  however*  I got  the  impression  that  this  was  not 
true.  The  firm  was  growing  so  fast  that  they  were  selling 
whatever  they  could  make  and  so  were  effectively  behind 
capacity).  Sales  targets  are  set  by  top  management  together 
with  marketing  and  production.  The  firm  does  not  have  shop 
loading  profiles  as  yet  but  plans  to  do  work  centre 
balancing  using  MRP  outputs  in  the  future.  They  have  I/O 
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Firm  C 

This  firm  could  not  come  up  Mlth  a formal  master 
scheduling  procedure  description*  They  used  backlog  and 
forecasts  to  prepare  the  master  schedule*  At  the  back  of 
their  minds  they  have  an  estimate  of  their  capacity  In  terms 
of  man-hours  and  they  oo  not  schedule  more  than  capacity* 

They  do  not  have  any  shop  floor  control*  They  knot*  that 
shop  loading  is  not  uniform  and  use  overtime  and  safety 
stock  to  take  up  unbalanced  loads* 

The  firm  does  not  generate  shop  loading  profiles. 

Firm  0 

This  firm  has  'planning  meetings*  every  4 to  6 weeks. 
Their  proaucts  are  divided  Into  product  groups  or  families 
based  on  sales  groups*  e*g*  all  vacuum  pumps  would  be  one 
product  group  even  though  their  setups  and  routings  may  be 
widely  different.  For  each  product  group  there  Is  a product 
manager*  The  product  manager*  product  planner  and  production 
control  manager  meet*  They  review  the  usage  of  all  stocked 
Items  for  the  past  2 periods*  review  backlog  reports*  pool 
together  any  negotiations  they  are  making  for  sales* 


consider  external  economic  factors  and  trends  and  come  up 


with  a production  schedule.  They  have  informal  capacity 
estimates  at  the  back  of  their  minds  in  deriving  the  master 
schedule. 

The  firm  has  shop  floor  control  but  shoy  loading 
profiles  are  based  only  on  released  )obs. 

Firm  E 

The  master  schedule  for  this  firm  is  derived  as 
(forecast  sales/12)  per  month.  No  formal  capacity 

considerations  are  made.  Some  form  of  informal  and  intuitive 
maximum  was  at  the  back  of  the  mind  of  the  schedulers.  Sales 
tor  the  firm  were  not  cyclical  but  steadily  rising.  No  shop 
loading  profiles  existed.  Loading  problems  existed  at  work 
centres  and  particularly  in  the  machine  shop  which  was 
common  to  the  different  product  lines.  The  firm  has  no  shop 
floor  control. 

This  firm  was  particularly  guarded  and  evasive  in  its 
replies  and  unwilling  to  provide  satisfactory  answers. 

Firm  F 

In  this  firm,  master  scheduling  is  still  run  by  the 
marketing  people  and  not  by  the  production  people.  They  said 
that  master  scheduling  was  their  biggest  problem. 
Forecasting  was  done  at  the  end  item  level  even  though 
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different  models  of  an  end  product  existed.  Based  on  these 
forecasts,  marketing  came  up  with  a production  schedule 
which  manufacturing  tried  to  meet.  Tne  manufacturing  people 
were  trying  to  change  this  so  that  production  may  meet 

schedules.  Shop  loading  profiles  are  generated  as  bar  charts 
and  I/O  control  has  been  designed. 

Firm  G 

At  this  firm  the  master  schedule  is- 
(backl og*orders*forecast) /12  after  this  figure  has  been 
reviewed  by  the  scheduler.  The  master  scheduling  is  done  on 
the  basis  of  dollars  and  not  units  or  man-hours.  The 

business  is  not  cyclical  though  peaks  exist. 

Work  centre  balancing  is  not  considered.  The  firm  is 
not  running  MRP  as  yet  and  plans  to  have  manual  capacity 
planning  and  also  a shop  floor  control  system. 

Frozen  Haster  Schedule 

015.  Oo  you  allow  changes  in  the  master  schedule  within  the 
cumulative  lead  time?  Is  the  shop  running  to  capacity? 
Q16.  What  makes  you  feel  you  can  change  the  master 

production  schedule  within  the  cumulative  lead  time?  Oo 
you  change  timing  or  quantity  or  both?  Are  lower  level 
assemblies  of  common  usage? 
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Firm  A 

The  lead  time  configuration  for  this  firm  looks  as 
below. 


25  weeks 


3 weeks 

H 1 

assembly 


manufacturing 


The  firm  has  a 5 week  frozen  schedule  and  this  is 
based  on  firm  orders.  Beyond  5 weeks  they  allow 
variations  in  both  quantity  and  timing.  Whether  they 
run  to  capacity  or  not  depends  on  which  part  of  the 
cycle  they  are  at. 


They 

allow  chan ges 

within  the 

cum 

ana  still 

meet  schedules 

( de 1 ivery 

1 ea 

15  weeks) 

because  of  the 

f ol lowing 

fie 

- capacit 

y can  be  easily 

changed  by 

mo 

one  work  centre  to  anotherf  working  overtime  or  extra 
shifts  and  subcontracting. 

- use  compensating  changes  - if  one  quantity  is 
increased  another  quantity  is  reduced. 

- they  forecast  optimistically  and  hence  reductions 
will  normally  result 

- they  change  delivery  times 


J 
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- Keep  safety  stocks  at  certain  levels 


The  manufacturing  activity  in  this  firm  is  divided  into 
two  parts  as  below* 


Final  Assembly  and  Testing 


Volume  Production 


The  volume  production  facility  manufactures  the  basic 
bulloing  blocks  (level  1 items  in  a modular  bill  of 
material)*  Final  assembly  ana  testing  assembles  the  final 
product  to  customer  specification*  Final  assembly  and 
testing  provides  a master  schedule  to  volume  production 
based  on  what  it  thinks  it  needs  and  this  schedule  is  firm* 
Forecasting  and  safety  stocking  at  the  level  l items  is 
hence  the  problem  of  final  assembly  and  testing*  Volume 
proauction  uses  MRP  to  explode  the  requirements*  Hence  the 
production  schedule  is  firm.  This  is  true  of  the  one  plant 
they  are  pilot  testing  MRP  on.  They  plan  to  use  MRP  at  other 
plants  too  where  this  may  not  be  true.  At  these  plants  they 
plan  to  allow  changes  within  the  cumulative  lead  time 
because 

- many  lower  level  items  are  common  items 
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- they  have  capacity  flexibility  viz.  work  centres  work 


overtime  or  additional  shifts  as  needed  and  also 


people  can  be  moved  from  one  work  centre  to  another. 
- keep  safety  stock  at  the  raw  material  level 
• queue  times  are  a large  fraction  of  lead  times. 


Firm  C 


The  lead  time  Picture  for  this  firm  is 


15  weeks 
manufacturing 


5 weeks 
auembly 


The  firm  does  not  like  changes  within  15  weeks  but 
allows  changes  in  the  last  5 weeks  of  cumulative  lead  time. 
They  say  they  are  running  to  capacity-  "people  are  kept 
busy-  we  release  enough  to  the  floor".  The  firm  maintains 
safety  stocks  of  2 to  6 weeks  at  every  level.  Demand  is 
steady  and  not  seasonal.  There  are  a number  of  common  usage 
items  and  overtime  is  used  as  needed. 


Firm  0 


This  firm  quotes  delivery  times  of  2 weeks  and  has  a 
cumulative  lead  time  of  20  weeks.  The  firm  makes  to  stock* 
forecasting  is  not  very  good  and  Jobs  get  delayed  along  the 


line*  The  production  schedule  is  frozen  for  8 weeks.  As  far 
as  possible  they  do  not  like  to  change  within  the  cumulative 
lead  time.  If  change  is  necessary  it  is  done  manually  after 
evaluating  the  position  of  critical  parts.  If  necessary 
they  move  another  item  out  .to  compensate  for  the  change.  The 
flexibilities  they  have  are 

- overtime  is  used  extensively 

- people  can  move  from  one  work  centre  to  another 
within  a work  shop 

- keep  safety  stocks 

Firm  E 

This  firm  would  not  answer  questions  14  and  15  probably 
because  the  people  I spoke  to  did  not  know. 

Firm  F 

Lead  times  for  this  firm  are  as  below 

16  weeks  6 weeks 

I 1 H 

purchase  assembly  and 

test 

The  firm  quotes  a maximum  of  8 weeks  delivery  time  and 
the  master  schedule  is  almost  frozen  for  8 weeks  (they  allow 
changes  within  lOXI.  Beyond  8 weeks  changes  are  allowed. 


The  firm  has  a bacKlog  of  aoproxl matel y 6 weeks* 

Variations  in  the  master  schedule  are  oermissible  because 
they  maintain  5 to  b weeks  of  safety  stocks  for  ourchased 
material  and  work  overtime  as  neeJed.  rfo  have  to  keep  in 
mind  that  they  have  a single  level  bill  of  material* 

Firm  & 

This  firm  has  a cumulative  lead  time  of  24  weeks*  They 
allow  chanyes  within  24  weeks  though  timing  chanqes  are 
preferred  to  quantity  changes*  Any  changes  within  17  weeks 
which  require  more  than  3 weeks  of  oull-in  requires 

approval*  The  firm  is  able  to  ao  this  because 

- they  use  lots  of  overtime 

- they  move  people  from  one  work  centre  to  another 
within  a shop 

- they  can  expedite  vendor  deliveries* 

- Safety  Stock 

Ql 7 • For  the  end  item*  how  do  you  compute  safety  stock? 

Ql8.  For  purchased  parts*  how  do  you  compute  safety  stock? 
Ql9.  For  service  items*  how  do  you  compute  safety  stock? 

Q2C*  For  intermediate  items,  do  you  use  safety  stock  or  not? 

If  yes*  why  do  you  keep  safety  stocks?  Is  the  safety 

stock  in  terms  of  safefy  time*  fixed  quantity  or  some 
other  technique?  How  do  you  compute  the  amount  of 
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safety  stock? 

F irm  A 

No  safety  stoch  is  maintained  at  the  end  product 
level  because  they  make  to  order  only* 

Safety  stock  is  maintained  at  purchased  part 
level*  This  safety  stock  is  based  on  a MAO*S*L.  (Mean 
Absolute  Oevi at i on*S ervice  level)  calculation  where  the 
service  level  varies  depending  on  the  A»B*C 

classification.  Almost  302  of  purchased  items  are 
safety  stock. 

Service  items  are  low  level  items  which  are  safety 
stocked. 

They  carry  safety  stocks  at  intermediate  levels  A 
and  5 and  some  other  levels  depending  on  the  experience 
and  feel  of  the  planner.  The  planner  also  often 
determines  the  amount  of  safety  stock* 

Firm  B 

For  level  l items*  final  assembly  and  testing 
keeps  safety  stocks  based  on  experience* 

For  purchased  parts*  safety  stock  is  based  on 
c I assi f ication. 

A items  - 2 to  4 weeks  of  safety  stock 
8 items  - 4 to  6 weeks  of  safety  stock 


] 
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C items  - 8 Meeks  or  so  of  safety  stock 

Safety  times  are  also  used  depending  on  the  planner. 

Service  items  is  again  the  problem  of  final  assembly 
and  testing  and  they  keap  safety  stock  based  on  experience* 

For  intermediate  items  they  feel  they  have  safety  stock 
built  in  because  when  sales  are  rising  they  schedule  more 
than  requirements  and  when  sales  are  falling  they  use  out  of 
stock  and  replenish  stock. 

Firm  C 

This  firm  keeps  safety  stock  for  end  items  based  on 
reorder  point  principles  viz.  MAD*S.L.  calculation* 

For  purchased  parts  they  keep  1 months  supply  as  safety 
stock  and  have  i week  of  safety  time. 

Service  items  have  low  demand  and  no  extra  stock  is 
maintained  for  them* 

A safety  stock  of  2 to  6 weeks  is  used  at  all 
intermediate  levels* 

Firm  0 

For  items  made  to  stock*  safety  stock  is  kept.  The 
amount  of  safety  stock  depends  on  the  feel  of  the  product 
manager  which  is  based  on  the  sales  rate  (and  not  forecast 
error  since  they  do  no  know  how  much  they  have  solo)  and  an 
A* 8*C  cl lassificaf ion* 
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For  purchased  parts*  safety  time  Is  used. 

For  service  Items  safety  stock  is  determined  on  feel. 
For  intermediate  items*  safety  stock  is  maintained  for 
some  items  and  not  for  others.  This  is  based  on  historical 
experience  depending  on  which  parts  have  given  trouble  in 

I 

the  past. 

Firm  E 

For  end  items  no  safety  stock  is  maintained  as  these 
are  built  to  order.  A yield  factor  is  incorporated  at  this 
I eve  I . 

For  purchased  items*  safety  stock  and  l week  of  safety 
time  is  used.  Mould  not  say  how  much  safety  stock  was  kept. 
For  one  purchased  part-  castings-  which  had  30  weeks  lead 
time  and  was  also  expensive*  l years  supply  was  stocked. 

No  answer  was  available  as  to  safety  stocks  for  service 
level  items  and  intermediate  levels. 

Firm  F 

No  safety  stock  at  the  end  item  level  because  they  make 
to  order. 

For  purchased  parts*  they  purchase  more  than  needed  so 
that  a rolling  safety  stock  is  available. 

fi 

(Service  items  are  not  an  important  consideration. 

For  intermediate  items*  a yield  factor  was  used. 

\ 

\ 
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Also*safety  stock  mss  maintaineo  based  on  experience. 


Firm  G 


For  end  items*  no  safety  stock  is  kept.  They  run 
overtime  when  mora  proauction  is  needed. 

For  purchased  parts*  they  kept  stpck  where  needed.  In  a 
sellers  market  they  kept  safety  stock  and  when  it  was  a 
buyers  market  they  did  not  keep  safety  stock.  Old  not  know 
how  safety  stock  was  computed. 

Service  item  safety  stock  is  taken  care  of  by  the 
distribution  centre.  The  distribution  centre  places  orders 
upon  manu f ac tuning. 

For  intermediate  items  no  safety  stock  was  kept. 


I 
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Overtime  was  used  as  needed. 


Leao  Time 


Q21.  How  do  you  determine  lead  times  for  purchased  items  and 
produced  items?  What  is  your  cumulative  lead  time?  Oo 
you  control  lead  times?  Oo  you  have  I/O  control?  What 
percent  of  lead  time  is  queue  time?  Oo  you  vary 
capacity  by  working  overtime  or  moving  people  from  one 
work  centre  to  another? 


Firm  A 


For  purchased  Items,  the  lead  time  is  taken  as  the 
vendors  estimate* 

For  assembly  operations,  -the  process  engineer  provides 
an  estimate* 

The  firm  estimated  .that  70%  of  lead  time  was  queue 
time*  No  studies  of  queues  had  been  made  to  determine 
internal  lead  times  and  no  vendor  ratings  were  used  for 
suppl 1 ers. The  firm  has  some  form  of  a weekly  manual  I/O 
control  to  keep  a handle  on  lead  times* 

firm  8 


For  purchased  parts  the  vendor  estimates  are  used  as 
lead  time*  An  Informal  vendor  rating  Is  used  by  the  planner 
and  he  keeps  safety  time  if  necessary. 

For  Internal  lead  times,  the  figures  provided  by  the 
floor  are  used*  They  feel  these  lead  times  are  Inflated  but 
have  performed  no  study  to  estimate  what  a good  lead  time 
might  be*  They  plan  to  have  I/O  control  for  lead  times. 


Firm  C 


Purchased 

part 

are 

reviewed 

and 

been 

done  only 

oncu 

Internal  1 

lead  t 

lead  times  are  set  by  the 
updated  ’when  necessary* 
upto  now. 

imes  are  provided  by  the 


planner.  These 
though  this  has 

floor  and  are 


never  updated 


The  firm  has  no  I/O  control  and  queue  time  Is 


Ill 


60 V.  of  lead  time*  They  are  now  looking  to  see  if  lead  times 
can  be  shortened. 

Firm  0 

This  firm  was  having  Droblems  with  purchasing  lead 
times.  Vendor  quotes  were  not  of  much  value  as  actual 
deliveries  seemed  to  be  randomly  distributed  about  quoted 
delivery  times.  The  purchasers  used  their  Judgement  in 
arriving  at  lead  times  and  safety  time  was  used. 

Internal  lead  times  were  provided  by  the  floor  and  they 
felt  that  these  were  highly  inflated.  No  I/O  control  is 
present.  They  plan  to  establish  lead  times  on  feel. 

Firm  E 

Delivery  times  are  vendor  provided. 

Internal  lead  times  are  the  foremans  estimates.  They 
have  no  I/O  control  but  said  visual  inspection  of  queues  was 
done.  No  study  has  been  made  to  estimate  what  a reasonable 
lead  time  might  be. 

Firm  F 


For  purchased  items*  vendor  estimates  arj  used. 

For  internal  assembly*  a trial  and  error  process  was 
used.  They  started  with  a lead  time  of  X and  reduced  this 
until  they  ran  into  problems.  At  this  point  they  rounded  the 
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lead  time  to  the  next  higher  level.  To  arrive  at  an  initial 
estimate  an  average  oacklog  and  production  rate  Mere 
assumed.  They  estimated  that  queue  time  was  50 7.  of  lead 
time.  They  have  I/O  control  for  assembly  and  test  shoos  on 
an  aggregate  level. 

Firm  G 

For  purchased  items  vendor  estimates  are  used.  There  is 
no  formal  venoor  rating-  this  is  done  informally  by  the 
p I anners. 

For  assembled  items*  the  lead  time  is  computed  as 
(cycle  timeMactor  for  run  size+queue  time) 

The  queue  time  is  provided  by  the  supervisor  and  production 
control  Jointly.  They  plan  to  have  I/O  control. 

HRP  Everything 


Is  every  sing 

le  item  on 

the  bi 

1 1 of 

material? 

If  not* 

which  items 

are 

left 

out? 

Why? 

Are  all 

the  items 

contro 1 1 ea  by 

MRP? 

Which 

ones 

are  not? 

All  firms  had  every  si 
material.  However*  every  firm  c 
bolts*  * expendab! es* * 'class 
point  techniques. 


r.gle 

item 

on 

the 

bill  of 

ontro 

1 led  i 

terns 

such 

as  nuts* 

C 1 

terns*  « 

etc 

using 

reorder 

? 
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Lot  Sizing 

Q23.  Do  you  use  lot  sizing  at  all?  If  yes*  at  what  levels 
and  what  techniques? 

Q2L.  Why  ao  you  use  the  techniques  being  used? 

Q25.  Have  you  evaluated  'your  lot-sizing  technloues  in 
retrospect?  If  so,  what  results  do  they  show? 

Q26.  Oo  your  lot  sizas  go  over  capacity  at  times?  If  so,  how 
do  you  tacKle  the  situation? 

Firm  A 

For  end  items*  lot  for  lot  is  Jsed  based  on  firm 
orders  within  each  time  bucKet. 

For  subassemblies  lot  for  lot  is  used  or  fixed 
period  is  used  depending  on  the  planner* 

For  purchased  parts.  Least  Total  Cost  is  used. 

Lot  sizing  is  not  evaluated  in  retrospect  and 
capacity  constraints  have  not  arisen. 

Firm  B 

No  formal  lot  sizing  techniques  exist.  Lot  sizing 
techniques  used  vary  depending  on  the  feel  of  the 
pi anner. 


Firm  C 
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At  the  end  level*  no  lot  sizing  is  used* 

For  purchased  items*  an  A»0»C  analysis  is  made  and 
reoraer  point  is  used* 

At  intermediate  levels*  the  planner  determines  the 
lot  sizes  by  reviewing  the  requirements  generated  by 
the  MRP  explosion* 

No  retrospective  analysis  is  carried  out. 

F irm  0 


At  the  final  assembly  level  lot  sizing  is  done  by 
the  people  in  the  planning  meeting.  No  formal  technique 
is  used. 


At  intermedl 

at  e 

levels 

lot  si 

zing 

is 

the 

responsibility  of 

the 

p 1 anner 

in  charge 

of  the 

1 tern 

and 

he  determines  the 

lot 

sizes  on 

feel. 

For  purchased  items  again  lot  sizing  Is  done  by 
the  planner. 

Firm  E 

No  answers  were  available  to  the  questions. 

Firm  F 

At  the  master  schedule  level  lot  sizing  is  done  by 
the  schedulers. 


At  intermediate  levels*  lot  sizing  was  done  on 


f eel  • 


For  purchased  parts  no  lot  sizing  was  done* 
Minlmums  were  used* 

Firm  G 

At  the  master  schedule  level*  fixed  period  lot 
sizing  of  4 weeks  is  used. 

At  Intermediate  levels  and  for  purchased  items* 
the  lot  sizing  technique  was  fixed  period  where  the 
length  of  the  period  depended  on  the  class  of  the  item* 

Nervousness 

Q27.  Do  you  have  a net-change  or  regenerative  MRP  system? 
Iln  a regenerative  system,  the  entire  master  schedule 
is  exploded  on  each  run.  In  net-change  only  the  changes 
in  the  master  schedule  between  runs  are  exploded)* 

Q2d.  If  it  is  a net-change  system,  then  do  you  ever 
regenerate?  Jf  so  when  and  why? 

Q29*  If  net-change*  how  do  you  take  care  of  frequent 
chan  ges? 

Q30*  How  frequently  is  the  net-change  or  the  regen  run? 

Questions  28  end  29  turned  out  to  be  redundant 
because  none  of  the  firms  interviewed  had  net-change 
MRP.  The  answers  to  questions  27* 30 ,3 1* 34 *35, 36  and  39 
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are  best  presented  In  the  form  of  a table  shown  In 
Figure  22.  (The  questions  follow). 

Question  32  about  non  integral  lead  times  also 
turned  out  to  be  of  no  relevance  because  lead  times 
were  so  grossly  determined  that  they  were  always 
assumed  to  be  in  weeks. 


System  Parameters,  Capabilities 


Q31»  What  is  the  size  of  the  time  bucket? 

Q32.  What  if  the  lead  time  is  non  Integral  of  the  time 
bucket  size 

Q33.  Why  did  you  choose  the  time  bucket  size  you  have? 

Q34.  What  is  the  length  of  the  planning  horizon? 

Q35.  Does  the  system  have  pegging  capability? 

Q3&»  Does  the  system  have  the  firm  planned  order  capability? 

Q37.  What  are  some  of  the  outputs  generated? 

Q38.  Can  you  track  the  progress  of  a particular  Job? 

Q39.  How  many  hours  does  a typical  computer  run  take? 

Q40.  What  are  the  improvements  you  would  like  to  see  in  your 
system?  What  are  your  plans  for  the  future? 

Q41.  If  you  were  to  start  all  over  again,  what  would  you  do 
di f f erent? 


In  reply  to  Question  33t  only  2 firms  said  that  they 
felt  1 week  was  natural  for  the  time  bucket  size.  All  others 


chose  1 week  as  their  bucket  size  because  the  consultant 
said  so. 

Sample  outputs  are  provided  in  Appendix  1 in  reply  to 
Question  37. 

Question  38  has  been  answered  before. 

Questions  40  and  44. 

Some  reactions  to  these  questions  were 

- have  to  educate  the  users  carefully 

- would  proceed  slower  - not  so  much  sophistication  so 
early 

- would  like  more  CRT  displays 

- are  satisfied  and  envlson  no  changes 

- do  good  forecasting 

- go  to  net-change 

- install  shop  floor  control 
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OHSEKVATIONS  ANO  CONCLUSIONS 

One  very  common  practice  observed  in  the  electronic 
firms  I visited  was  the  practice  of  'kitting*.  For  each  end 
product*  a kit  list  is  available.  This  is  also  sometimes 
known  as  a ‘pull  deck*.  This  is  nothing  but  a list  of  all 
items  needea  out  of  stock  in  order  to  make  the  end  product. 
Kitting  is  the  process  of  putting  all  such  items  needed  to 
make  the  oesired  quantity  of  the  desired  end  product  into 
kits.  These  kits  are  prepared  right  at  the  start.  Once  these 
go  onto  the  floor*  they  are  ‘staged*.  This  means  that  the 
items  are  taken  out  of  the  kits  and  sent  to  the  work  centres 
at  which  they  will  ba  needed.  Some  preliminary  work  might  be 
done  before  the  parts  are  sent  to  the  work  centres-  such  as 
bending  and  cutting  resistor  leads  etc.  Essentially*  then* 
all  the  items  have  to  be  in  stock  oefore  an  order  is 
released  to  the  floor  and  in  fact  the  parts  are  in  Queue  at 
every  work  centre  through  which  the  Job  passes. 

This  is  a historical  procedure  and  was  adopted  so  that 
a Job  is  not  stranded  because  1 or  2 parts  are  not 
available.  Such  a situation  used  to  occur  because  inventory 
records  were  bad.  However*  this  is  not  quite  the  concept  of 


MRP.  If  the  cumulative  lead  time  Is  20  weeKs*  It  does  not 
make  much  sense  to  kit  a part  that  will  only  be  needed  In 
week  19!  Continuation  of  this  technique  means  higher 
inventory  levels  of  parts*  higher  work  In  orocess  inventory 
and  longer  queues. 

Another  universal  practice  was  the  tight  control  of  the 
stockroom.  This  was  controlled  with  military  precision  and 
people  had  to  get  used  to  the  idea.  All  the  stockrcoms  were 
caged  In.  Someone  suggested  that  building  stockroom  cages 
might  be  a good  business  as  MRP  became  more  popular!  Such 
control  was  maintained  because  data  base  accuracy  was  very 
Important  In  MRP.  All  the  stockroom  records  were  within  IX 
accurate  of  cycle  counts-  and  mostly  they  were  within  1/2X. 
Despite  such  accuracy  however*  the  kitting  procedure  is 
being  used. 

None  of  the  firms  was  doing  a good  Job  on  master 
scheduling.  Aggregate  capacity  planning  was  absent  and  shop 
loads  were  uneven.  However*  all  the  firms  had  a lot  of 
flexibility  in  terms  of  overtime*  mobility  of  people* 
subcontracting  etc.  and  this  helped  them  achieve  some  kind 
of  a balance. 

No  firm  froze  the  master  schedule  over  the  entire 
cumulative  lead  time.  Again*  this  was  possible  because  of 


A 


Safety  stocK  was  maintained  very  definitely  at  the 


purchased  parts  level  and  at  the  end  product  (or  level  1 


product  in  the  case  of  a modular  bill  of  material)  level 


Safety  time  was  built  into  purchased  items  due  to  informal 


Very  often  safety  stocks  were  maintained 


at  intermediate  levels*  Yield  factors  were  built  in.  Safety 


stock  quantities  were  determined  on  feel 


Lead  times  were  not  analysed  at  all.  These  were  taken 


as  vendor  lead  times  or  snop  floor  estimates.  Almost  no 


effort  was  made  at  controlling  lead  times  via  I/O  control 


reasonaple  lead  times.  As  a result  lead  times  were  inflated 


and  inthemselves  provided  a large  safety  factor.  This  being 


the  assumption  of  fixed  lead  times  regardless  of 


true 


quantity  caused  no  problems 


Lot  sizing  was  done  almost  entirely  on  the  basis  of 


feel  and  was  done  manually  by  the  planners.  No  attempt  was 


made  to  evaluate  techniques  in  retrospect 


All  items  were  always  included  on  the  bill  of  material 


and  all  firms  used  reorder  point  for  items  such  as  nuts* 


bolts  etc.  Some  firms  did  have  cheap*  long  lead  time* 
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purchased  items  which  they  still  controlled  by  MRP. 

Overall*  I had  the  feeling  that  the  firms  had  benefited 

even  though  they  could  not  quantify  their  benefits.  However* 

these  benefits  had  resulted  mostly  due  to  better  information 

0 

provided  by  the  MRP  explosion  rather  than  anything  else. 
Most  firms  were  complacent  and  ware  satisfied  by  the 
benefits  they  had  achieved.  From  the  study  it  was  clear* 
however*  that  the  firms  were  far  from  realising  the  full 
benefits  achievable; 


I 
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Inventory  management  techniques  have  gained  in  importance  In 
the  past  tea  years  because  of  tho  cash  crunch  being  faced  by 
most  companies.  Material  Requirements  Planning  (MRP)  is 
gaining  rapidly  in  popularity*  specially  after  the  APICS 
(American  Production  and  Inventory  Control  Society)  MRP 
Crusade*  The  technique  is  being  presented  as  if  it  were  the 
cure  for  all  ills*  The  purpose  of  this  thesis  is  to  Identify 
a number  of  issues  th3t  are  relevant  to  MRP  and*  wherever 
possible*  to  propose  an  approach.  Another  purpose  is  to 
stuoy  how  firms  tackle  these  issues  and  to  present  real-life 
implementation  character istics*  With  this  in  mind*  seven 
firms  were  Interviewed  personnaly.  The  study  concludes  that 
the  Issues  are  largely  unresolved  in  Industry  and  whatever 
benefits  are  accruing  are  mostly  due  only  to  better  timing 
information  generated  by  the  explosion  process  rather  than 
any  other  formal  procedures*  It  follows  that  further 
benefits  are  achievable  if  the  issues  are  tackled  in  a 
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